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GENERAL 
INTRODUCTION 
GENERAL INTRODUCTION 
Fishery products are the world's most important source of animal protein. To meet 
the basic human needs for protein foods in future will be a difficult proposition, 
especially as demand for fish has virtually doubled since the 1950s. Fish population 
is declining on a worldwide basis as a result of over-fishing practices, habitat 
degradation, and pollution of natural waters. Rapid growth of aquaculture could 
compensate for these declines. Since capture fishery has already touched its near 
saturation point, efforts will have to be focussed in order to augment its productions. 
The new challenge for plaimers is to accelerate aquaculture development which is 
generally constrained by the non-availability of nutritionally balanced artificial 
feeds. 
Recent years have witnessed a great spurt in aquaculture production all over 
the world due to the pioneer research in fish nutrition and diet development initiated 
by the world renowned scientist, John E. Halver in the second half of the 20* 
century. Development of H-440 diet by Halver (1957^) enabled a number of workers 
to determine qualitative and quantitative water-soluble vitamin requirements for 
salmon and trout. Later, substituting crystalline amino acids for the protein 
component Halver produced an amino acid test diet that was used to establish the 
qualitative amino acid needs of salmonids (Halver, 1957*'; Halver et al, 1957), 
channel catfish, Ictalurus punctatus (Dupree and Halver, 1970) and common carp, 
Cyprinus carpio (Nose et al, 1974). Subsequently, a protein test diet was also 
formulated by the above scientist with the protein component consisting of purified 
protein ingredients plus crystalline amino acids to mimic the amino acid profile of 
whole egg protein (Delong et al, 1958). Using this technique, gross protein 
requirements were measured for salmon, rainbow trout, common carp and channel 
catfish (Neuhaus and Halver, 1969). Nose and Ogino in Japan, Wayne Shell, Tom 
Lovell and Harry Dupree at Auburn University in the USA and co-workers at the 
Western Fish Nutrition Laboratory at Cook, Washington, published protein 
requirement studies (Ogino and Saito, 1970; Nose and Arai, 1972; Halver, 1976; 
NRC, 1983). This protein test diet was also used for establishing the dietary protein 
requirement of Indian cultivable fishes (Khan, 1991; Khan and Jafri, 1990; 1991'''') 
in an ICAR-USDA research project carried out under the supervision of co-operative 
scientist, John E. Halver (Final Technical Report, 1991). Later, a quantitative amino 
acid test diet was formulated using the whole egg amino acid profile technique to 
generate diets with nearly the same energy and protein content but containing 
increasing amounts of a single indispensable amino acid for growth and metabolism 
studies (Delong et al., 1962). Using this amino acid test diet, indispensable amino 
acid requirement for Indian major carps, rohu, Labeo rohita had been determined by 
Khan and Jafri (1993) and Abidi and Khan (2004^''), and indispensable amino acid 
requirement of mrigal, Cirrhinus mrigala was determined during the present study 
(Ahmed et al., 2004; Ahmed and Khan, 2004"'' and Ahmed and Khan, 2005'''). 
Today, the role of nutrition in fish health and metabolism is recognized and 
major efforts are being made to understand the interrelationships between nutrient 
levels in the diet, the digestibility and absorption of nutrients and the growth and 
health of fishes reared in aquaculture (Halver, 2001). A prerequisite for successiul 
and profitable culture of any fish is the availability of quality fish seed and feed in 
adequate quantities. The present shortage of seed of Indian cultivable fish species 
could be mitigated to a considerable extent by ensuring higher survival and growth 
in the early phase of rearing, using nutritionally balanced, cost-effective artificial 
feeds. Artificial feeding has become an integral part both in hatcheries and grow-out 
ponds under intensive fish farming systems. In improved extensive and semi-
intensive operations, formulated feed is used as a supplementary source of nutrients 
for direct consumption, while natural food organisms still remain the major source of 
food. In intensive culture where contribution of natural organisms is not significant 
with respect to stocking density, formulated feeds are used as the only source of 
dietary nutrients satisfying the nutritional needs of the concerned species. Proper 
nutrition is one of the most important factors influencing the ability of cultured 
organisms to attain the genetic potential for growth, reproduction and longevity (De 
Silva and Anderson, 1995), and its status is considered as one of the important 
factors that determine the ability offish to resist diseases. If the feed is not consumed 
by fish or if the fish are unable to utilize the feed because of some nutrient 
deficiency, then there will be no growth. The survival, healthiness, growth and 
efficient feed utilization of fish depend on the nutritive value of feeds. An under-
nourished fish cannot maintain its health and be productive, regardless of the quality 
of the environment. 
Feeds cost generally constitute the largest variable cost in intensive fish 
production; therefore formulation of cost-effective feeds can significantly influence 
the profitability. One of the challenges is to develop less wastefiil, cost effective 
diets and development of such diets is dependent on knowing a species nutritional 
requirement and meeting those requirements with balanced feed formulations and 
appropriate feeding practices. Although there is an increasing evidence that gross 
nutrient requirement of cultured species group are closer to each other, but the 
requirements may vary with other factors like fish size, age, temperature, and 
nutrient balanced in diet, etc. A formula for balanced fish diets must include an 
energy source plus sufficient indispensable amino acids, essential fatty acids, 
specific vitamins and minerals to support life and to promote adequate growth 
(Halver, 1976). Formulation of cost-effective diets requires accurate information on 
the amino acids composition and digestibility of economical ingredients as well as 
accurate information on amino acid requirement. 
Fish require three macronutrients, protein, fat and carbohydrate, along with 
many substances and elements classified as micronutrients. Some nutrients are called 
as indispensable because they are not synthesized in the body, whereas others are 
interchangeable as energy source. Among these nutrients protein is one of the most 
expensive components of fish feed and apart from optimal protein quantity, quality 
in terms of amino acids profile in the feed assumes greater significance for maximal 
growth in fish. It is known to increase the carrying capacity of culture systems and 
can enhance fish production by many fold (Hepher, 1975). Proteins are the structural 
components and energy source in diets of fish and play a key role as they are very 
essential for body for maintenance and growth. The nutrient is by far the costliest 
dietary constituent and generally fish requires higher levels of protein in diets 
(Cowey et al., 1975). Protein is the major component of most tissues in living 
organisms in term of dry weight. Dietary protein constitutes one of the primary 
nutrient costs of the feed and is the initial source of nitrogen waste products entering 
a culture system. Optimization of dietary protein levels along with increasing 
nutrient retention by the fish could reduce nitrogen loading and positively influence 
production costs (Thoman et al, 1999). Protein is essential for growth and 
development. It provides the body with energy and is needed for the synthesis of 
hormones, antibodies, enzymes and tissues. It is usually considered to be the most 
important nutrient in fish feeds (Keembiyehetty and Gatlin, 1992).^ish generally 
have a higher protein requirement than land animals (Lovell, 1989). Fish like other 
animals, do not have a true protein requirement but have a requirement for a well- T 
balanced mixture of essential and non essential amino acids (Wilson, 1985) and the 
gross dietary protein requirement is directly influenced by the amino acids 
composition of the diet (Keembiyehetty and Gatlin, 1992). 
Amino acids are the fiindamental structural components of protein popularly 
referred to as the building blocks of protein. Following the digestion of food protein 
and absorption of amino acids they can either be incorporated into body proteins of 
fish (anabolism) or further broken down (catabolism) for energy. Although over 100 
amino acids have been detected from natural sources, only 20 of those are commonly 
found in animal tissue. Physical and chemical differences between the amino acids 
give rise to proteins with varying structural configuration. It is these differences, 
which play a major role in defining the functions of the protein. Protein is required in 
diets to provide indispensable amino acids and nitrogen for synthesis of dispensable 
amino acids. Besides being building blocks for tissue proteins and precursors of 
many biologically important molecules, some amino acids are precursors of the 
purines and pyrimidines needs, for the synthesis of the nucleic acid, the hereditary 
unit that carry information from one generation to the next generation. 
Amino acids are necessary for maintenance, growth, reproduction and for the 
replacement of depleted tissues. If one of the essential amino acids is not available or 
limited from the food source, then the body protein construction comes to a halt. 
Only some of the dietary protein can be used for growth and the rest must be 
'burned' for providing energy. It is necessary to obtain the knowledge of the specific 
amino acid requirements of the fish species and to prepare mixtures of protein 
supplemented with the deficient amino acids and thus achieve a maximum growth 
and protein efficiency. 
A basic principle of amino acid nutrition is the constant relationship of the 
amino acid requirement with protein intake up to the level required for maximum 
growth (NRC, 1983). Protein in the body tissue incorporate about 23 amino acids. Of 
these, 10 are essential amnio acids which must be supplied in the fish diet. Since fish 
can not synthesise them in sufficient quantity required by the body, a dietary source 
is required. Dietary requirement for these indispensable amino acids including, 
arginine, histidine, isoleucine, leucuine, lysine, methionine, phenylalanine, 
threonine, tryptophan and valine have been determined for some fish species. Ten 
other amino acids that commonly make up protein can be adequately synthesized by 
the body and these are called dispensable or non-essential amino acids. These amino 
acids have nutritional significance because their presence in the diet conserves 
energy that would be required for synthesis, and some dispensable amino acids can 
partly replace or spare indispensable amino acids, for example methionine and 
phenylalanine are required as specific precursors for the synthesis of the dispensable 
amino acids cystine and tyrosine, respectively. Some amino acids are readily 
converted to glucose to provide an essential energy source for some critical body 
organs and tissues such as brain and red blood cells. Since carbohydrate is not 
prevalent in their natural diet, fish are more dependent upon amino acids as 
precursors to glucose than most other animals. Therefore, a portion of the dietary 
protein or amino acid is always used as an energy source in fish. 
The quantitative amino acid requirement is the minimum amount of amino 
acid that gives the maximum growth rate. An excess supply of essential amino acid 
over optimum required by fish may not necessarily increase its utilization (Halver et 
al., 1957). Determining the essential amino acid requirements of cultured fish is of 
extreme importance due to the significant effects of these nutrients on muscle 
deposition, feed cost and nitrogen pollution (Small and Soares, 1999). Dietary 
formulation that meet, but do not exceed, the essential amino acid requirements for 
fish are also important for the sustainability of aquaculture. Excess level of essential 
amino acid in diets results in higher levels of ammonia-N excretion (Cai and Brutle, 
1996; Yang et al., 2002), which is eventually discharged fi-om aquaculture 
production systems. Dietary manipulations that minimize ammonia excretion will be 
important for the sustainability of aquaculture (Twibell et al., 2003). A proper 
balance and quality of essential amino acids may reduce the requirement of non-
essential nitrogen component, thereby reducing the over all nitrogen requirement in 
fish. A deficiency in one or more amino acids may cause poor growth and lack of 
appetite (Mertz, 1972). 
Development of first successfiil amino acid test diet for chinook salmon by 
Halver (1957*') enabled a number of workers to study the essentiality of various 
amino acids in other fish species (Halver and Shanks, 1960; Shanks et al., 1962; 
Dupree and Halver, 1970; Arai et al, 1972; Nose et al, 1974; Mazid et al, 1978 and 
Nose, 1979). Later studies on the quantitative amino acid requirement were mostly 
based on the test diet in which the nitrogen component consisted either of all 
crystalline amino acids or a mixture of amino acids with selected whole protein 
source, commonly casein and gelatin (Delong et al, 1962, Chance et al, 1964 and 
Halver, 1965), zein (Dabrowaski, 1981) or gluten (Halver etal, 1958, Ketola, 1983). 
The amino acid profile of the total protein component of the diet being controlled so 
as to simulate the amino acid pattern of the specific reference protein. To assure the 
maximum utilization of the amino acids such diet contains protein at slightly below 
the optimum requirement. All fish species studied to date have been shown to require 
ten indispensable amino acids in their diet for maximum growth (Wilson, 1985). An 
indispensable amino acid deficiency may cause reduced growth and poor feed 
conversion (Wilson and Halver, 1986); therefore, satisfying the indispensable amino 
acid requirements of a species is of utmost importance in preparing well-balanced 
diets. 
With availability of the 2-4% of the global land area, India has to nourish and 
sustain 16% of the world population. Consequently more than any other country, 
India may have to depend more and more on its water for aquatic food in the years to 
come. Identically, among the Asian countries, India ranks second in culture and third 
in capture fisheries. Fortunately, the aquatic resources of India are vast and 
diversified. The fish production in our country has increased by more than 5 times, 
and the contribution of fisheries to the gross domestic production of India has also 
increased 3 times, a growth arguably one of the highest among the food production 
sector. Aquaculture is gaining importance in India in recent years due to limitation in 
scope for further expansion of land area for agriculture to increase food production. 
The catches fi-om capture fisheries having come to plateau, a major strides in 
augmenting fish production can be achieved only through fish culture, to bridge the 
gap between the demand and supply. Indian freshwater aquaculture has grown 
rapidly during the last two decades. Semi-intensive and intensive culture of 
freshwater fish is gaining importance in India. As a result, use of supplementary 
feeds in aquaculture has become inevitable for the success of fish culture. The 
paucity of knowledge on nutritional requirements, scientific formulations of feeds 
and data on on-farm feed evaluation have come on the way of developing cost-
effective feed formulations for larval, grow-out and broodstock fishes which 
necessitates immediate detailed studies. Availability of commercial fish feed 
formulations for supplementary feeding that caters to the nutrient needs of cultured 
fishes is one of the limiting factors for both intensive and semi-intensive fish farming 
in the country (Devaraj and Seenappa, 1991). 
In India freshwater fish culture is practiced employing Indian major carps and 
exotic carps as candidate species either in combination or separately. Among the 
cultivable fishes, Indian major carps, catla Catla catla, rohu Labeo rohita and mrigal 
Cirrhinus mrigala have the maximum consumer preferences. Although notable 
success has been achieved in the semi-intensive culture of Indian major carps 
through indigenous development and standardization of various artefacts of 
aquaculture, lack of proper feed development, requiring a precise knowledge of 
nutritional needs of concerned fish species, remains a major impediment towards 
more intensive culture of these fishes. Indian major carps are raised in India on the 
simple dietary combination of plant and animal feedstuffs (Jhingran, 1991). These 
carps are fast growing attaining marketable size of 800-1 OOOg in less than a year and 
are generally propagated on extensive and/or intensive scale in a polyculture system 
(Jhingran and PuUin, 1988). Intensive cultivation of these fishes is hampered mainly 
because of the non-availability of balanced rations formulated on the basis of their 
nutritional requirements. 
Although fish culture in India is an age-old practice, basic nutritional studies 
on fish are relatively few. Some information is available on the protein requirements 
of Indian major carps (Sen et al., 1978; Renukaradhya and Varghese, 1986; Singh et 
al., 1987; Singh and Bhanot, 1988; Mohanty et al., 90; Swamy et al., 1988, 1989; 
Das and Ray, 1991; Das et al., 1991; De Silva and Gunasekera, 199land Khan, 
1991; Khan and Jafii, 1991*'). Information on amino acid requirement of Indian 
major carps are scanty (Murthy and Varghese, 1995, 1996'^''', 1997*''''^ 1998; Ravi 
and Devaraj, 1991; Khan and Jafri, 1993 and Abidi and Khan, 2004*'''). 
Although quantitative essential amino acid requirements have been worked 
out for many fish species (Halver et al., 1958, 1959; Delong et al., 1962; Chance et 
al., 1964; Halver, 1965; Mertz, 1969; Dupree and Halver, 1970; Klein and Halver, 
1970; Nose, 1970; Cowey and Sargent, 1972; Luquet and Sabaut, 1974; Rumsey and 
Ketola, 1975; Harding et al., 1977; Wilson et al., 1977; Mazid et al., 1978; Wilson et 
al., 1978; Kaushik, 1979; Kaushik and Luquet, 1980; Robinson et al., 1980'''' 
Wilson et al., 1980; Dabrowski, 1981; Murai et al., 1981; Robinson et al., 1981 
Jackson and Capper, 1982; Ketola, 1982; Murai et al., 1982"''; Walton et al., 1982 
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Hughes et al., 1983; Ketola, 1983; Kim et a/., 1983; Jauncey et al., 1983; Poston and 
Rumsey, 1983; Rumsey et a/., 1983; Kim, et al., 1984; Murai et al., 1984"''; 
Robinson et al., 1984; Walton et al., 1984'^ ''; Walton, 1985; Akiyama et al., 1985^^ 
Cho and Woodward, 1985; Thebault et al., 1985; Wilson and Poe, 1985; Murai et 
al., 1986; Poston, 1986; Walton et at., 1986; Hidalgo etal., 1987; Kim, etal., 1987; 
Murai et al., 1987; Brown et al., 1988; Chiu, et al., 1988; Kaushik et al., 1988; 
Schwarz and Kirchgessner, 1988; Moon and Gatlin, 1989; Murai etal., 1989; Viola 
and Arieli, 1989; Borlongan and Benitez, 1990; Wilson, 1989; D' Mello et a/., 1990; 
Borlongan, 1991; Choo et al., 1991; Moon and Gatlin, 1991; Mohanty and Kaushik, 
1991; Tibaldi and Lanari, 1991;Viola and Lahav, 1991; Wilson, 1991; Borlongan, 
1992; Coloso et al., 1992; Cowey et al., 1992; Cho et al., 1992; Craig and Gatlin, 
1992; Griffen et al., 1992; Keembiyehetty and Gatlin, 1992; Kim, et al.,\992^\ 
Pfeffer et al., 1992; Viola et al., 1992; Anderson et al., 1993; Coloso et al., 1993; 
Keembiyehetty and Gatlin, 1993; Khan and Jafri, 1993; Kim, 1993; Wilson, 1993; 
Wu, 1993; Cowey, 1994; Griffin et al., 1994"-''; Mambrini and Kaushik, 1994; Lall 
et al., 1994; Lopez-Alvarado and Kanazawa, 1994; RoUin et al., 1994; Tibaldi et al., 
1994; Boren and Gatlin, 1995; Brown, 1995; Cowey, 1995; Halver, 1995 
Keembiyehetty and Gatlin, 1995; Pack et al., 1995; Mambrini and Kaushik, 1995 
Murthy and Varghese, 1995; Rodehutscord et al., 1995"'*'; Cai and Burtle, 1996 
Murthy and Varghese, 1996'*'''''; Berge et al., 1997; Davies and Morris, 1997 
Keembiyehetty and Gatlin, 1997; Kim, 1997; Murthy and Varghese, 1997'^ ''''''*; Scott 
et al., 1996; Akiyama et al., 1997; Rodehutscord et al., 1997; Ruchimat et al., 
1997a.b. Twibell and Brown, 1997; Berge et al., 1998; Fagbenro et al.,l99i^^ 
Forster and Ogata, 1998; Kaushik, 1998; Li and Robinson, 1998; Luzzana et al. 
1998; Masumoto et al., 1998; Murthy and Varghese, 1998; Ruchimat et al., 1998 
Schwarze/a/., 1998; Berge, 1999; Coloso etal., 1999; Fagbenro andNwanna, 1999 
Fagbenro et al., 1999; Ngamsnae et al, 1999; RoUin, 1999; Simmons et al, 1999 
Small and Soares, 1999; Tibaldi and TuUi, 1999; Alam et al, 2000; Barziza et al. 
2000; Buentello and Gatlin, 2000; Kasper et al, 2000; Rodehutscord et al, 2000'^ '' 
Small and Soares, 2000; Twibell et al, 2000; Yamamoto et al, 2000"''; Alam et al. 
2001; Murillo-Gurrea et al., 2001; Hauler and Carter, 2001; Sveier et ai, 2001; 
Takagi et al., 2001; Tantikitti and Chimsung, 2001; Williams et ai, 2001; Alam et 
ai, 2002'^ '''^ ; Berge et ai, 2002; Ozorio et ai, 2002; Shipton et al., 2002; Foumier et 
al., 2002; Ahmed et al., 2003; Breck et al., 2003; Rollin et al., 2003; Twibell et al., 
2003; Coloso et al., 2004; Gaylord et al., 2004; Marcouli et al., 2004;Yamamoto et 
al., 2004; Alam et al., 2005; Breck et al., 2005, Gaylord et al., 2005; Luo et al., 
2005; Wang et al., 2005; complete ten essential amino acid requirement have been 
established for only a limited number of cultured fish species including chinook 
salmon, Oncorhynchus tshawystscha (Halver et al, 1957; NRC, 1993), sockeye 
salmon, Oncorhynchus nerka (Halver and Shanks, 1960; NRC, 1993), coho salmon, 
Oncorhynchus kisutch (Aral and Ogata, 1993), common carp, Cyprinus carpio 
(Nose, 1979), Japanese eel, Anguilla japonica (Arai et al., 1972; NRC, 1993), 
rainbow trout, Oncorhynchus mykiss (Ogino, 1980), channel catfish, Ictalurus 
punctatus (NRC, 1993), Nile tilapia, Oreochromis niloticus (Santiago and Lovell, 
1988), Indian major carp, catla, Catla catla (Ravi and Devaraj, 1991), chum salmon, 
Oncorhynchus Keta (Akiyama and Arai, 1993), milkfish, Chanos chanos (Borlongan 
and Coloso, 1993), white sturgeon, Acipenser transmontanus (Ng and Hung, 1995), 
striped bass, Morone saxatilis (Small and Scares, 1998), 
>,, /*' No information is available on the amino acid requirement of commercially 
important Indian major carp, mrigal, Cirrhinus mrigala. The present study was, 
therefore, undertaken to generate data on its dietary amino acid requirement and the 
findings are presented in the form of this thesis. 
GENERAL 
METHODOLOGY 
GENERAL METHODOLOGY 
Source offish stock and acclimation 
Fingerlings of C. mrigala produced by induced breeding were obtained from the 
Hatchery of College of Fisheries, G.B. Pant University of Agriculture and 
Technology, Pantnagar, India and Government Fish Hatchery, Faridpur, Bareilly, 
India. These were transported to the laboratory in oxygen filled polythene bags, 
given a prophylactic dip in KMn04 solution (1:3000) to rule out any possible 
microbial infection and stocked in indoor circular aluminium plastic lined (Plastic 
crafts corpn, Mumbai, India, 4 x 3 x 3ft) fish tanks (water volume, 600 L) for a 
fortnight. During this period, fish were fed to satiation a mixture of soybean, mustard 
oil cake, rice bran and wheat bran in the form of moist cake, twice daily, at 08:00 
and 16:00 hours. Later, these fishes were acclimated for two weeks on casein-gelatin 
based (40% CP) H-440 diet (Halver, 2002). 
Preparation of experimental diets 
For studying the essential amino acid requirement of Cirrhinus mrigala, test diets 
containing graded levels of the amino acids under study were used. The dietary range 
necessary to quantify the requirement of amino acids was adjusted on the basis of 
information available on other fish species. Six isonitrogenous (40% CP) and 
isocaloric (17,90 kJ g"', GE) amino acid test diets were formulated using casein (fat-
free), gelatin and L-crystalline amino acids with graded levels of test amino acids. 
Dose-response expriment with increasing supplies of amino acid are accepted in 
principle as a method for determining dietary requirement (Cowey, 1995). The 
dietary protein level was fixed at 40% CP, reported optimum for the growth of C. 
mrigala (Khan, 1991). L-crystalline amino acids, excluding the test amino acids, 
were used to simulate the amino acid profile of the experimental diets to that of 40% 
whole egg protein. A casein-gelatin ratio, contributing the minimum quantity of the 
test amino acid and maximum quantities of other amino acids, was maintained. 
Pre-weighed quantities of L-crystalline amino acids (Chance et al, 1964) and 
salt mixture (Halver, 2002) were thoroughly stirred in hot water (80 C) in a steel 
bowl attached to a Hobart electric mixer (Hobart Corporation, Troy, OH, USA). The 
pH of the resulting mixture was adjusted to neutral with 6N NaOH solution (Nose et 
al., 1974). Gelatin was dissolved separately in a volume of water with constant 
heating and stirring and then transferred to the above mixture. The mixer bowl was 
removed from heating and dextrin added. Other dry ingredients and oil premix, 
except carboxymethylcellulose, were added to the lukewarm bowl (40 C) one by one 
with constant mixing. Carboxymethylcellulose was added last, and the speed of the 
blender was gradually increased as the diet began to harden. The dough was passed 
through a pelletizer fitted with a 2-mm die to obtain pellets which were dried in an 
hot air oven at 40 °C to reduce the moisture content below 10%. The dry pellets were 
crumbled, sieved and stored at 4 C until used. 
Feeding Trial 
C. mrigala fmgerlings of the desired size were sorted out from the acclimatized lots 
and randomly stocked, in triplicate groups of 20 fish each, in 70-L polyvinyl indoor 
circular troughs (water volume 55 L), supplied with ground water (1-1.5 L min') 
for each dietary treatment level. Fish were fed the test diets in the form of dry 
crumbles at a rate of 5% body weight/day. The daily ration was subdivided into two 
equal halves and fed at 08:00 and 16:00 h. These feeding schedule and level were 
chosen after carefiiUy observing the feeding behavior of the fish and their intake. In 
order to determine the proper ration, a preliminary feed trial was conducted (Khan et 
al, 2004). Fish were fed graded levels of ration size (2, 4,6, 8, and 10% body weight 
per day, dry diet) in triplicate for 6 weeks, and weekly weight gains recorded. On 
subjecting the FCR (Y) and ration level (X) data to quadratic regression analysis 
(Zeitoun et al., 1976), a break-point was evident at 5% ration level, on a dry-weight 
basis. The relationship being; 
Y = 0.0745x^- 0.7691X + 3.760 (r = 0.980; P<0.05) 
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No feed was offered to the fish on the day the measurement was taken. Initial 
and weekly weights were recorded on a top loading balance (Precisa 120A; PAG 
Oerlikon AG, Zurich, Switzerland) and feed allowances adjusted accordingly. The 
feeding trial lasted for 8 weeks. Fecal matter and unconsumed feed, if any, were 
siphoned before feeding. Uneaten food, if found, was filtered over a screen soon 
after the active feeding, dried and weighed to measure the amount of food consumed. 
Troughs were scrubbed and disinfected thoroughly with water and KMn04 solution 
on the day of weekly measurement. Mortality, if any was recorded. At the end of the 
experimental trial, desired number of fish were randomly sacrificed and kept in 
freezer (-20 °C) for the assessment of carcass body composition. The average water 
temperature, pH, dissolved oxygen, free carbon dioxide and total alkalinity were 
estimated using standard methods (APHA, 1992). 
Physico-chemical condition of the rearing water 
During the period of experiment, water temperature was recorded daily at 7 A.M, 12 
Noon and 12 P.M using a mercury thermometer of 0.1 C accuracy. 
pH of the water was measured by a digital pH meter (Eutcheberentics Pvt. Ltd., 
Singapore) with an accuracy up to 0.1. 
Dissolved oxygen was measured using Winkler's titrimetric methods (APHA, 1992) 
daily in the morning. 
No. of ml of Na2S203 solution consumed x 1000 x 8 
Dissolved oxygen = mg/1 
50x40 
The dissolved free carbon dioxide was measured using phenolphthalein indicator and 
titration (APHA, 1992) daily in the morning at 7AM and expressed as mg/1. 
No. of ml of N/44 NaOH required x 1000 x 44 
Dissolved free = mg/1 
carbon di-oxide 50 x 44 
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Total alkalinity was measured using phenolphthalein indicator. 
No. of ml of N/50 H2SO4 consumed xlOOO 
Total alkalinity = mg/1 
ml of sample 
Chemical analyses 
Assessment of proximate composition of feed ingredients, experimental diets, fish 
carcass was made using the standards techniques (AOAC, 1995). All chemical 
analysis were based on triplicate sample. 
Moisture 
Known quantity of sample was taken in a pre-weighed silica crucible and placed in 
o ^ ^ 
hot-air oven at 105+1 C for 24 hours. The crucible containing the dried sample was 
cooled in desiccator and reweighed to ensure that the sample had become completely 
dried. The loss in weight gives an index of water from which its percentage was 
calculated. 
Ash 
Dried powdered sample (2-5g) was taken in a pre-weighed silica crucible and 
o 
incinerated in a muffle furnace (600 C) for 2-4 hours or till the sample became 
completely white and free of carbon. The crucible was cooled in a desiccator and 
reweighed to estimate the quantity of ash. The result was expressed as per cent on 
dry weight basis. 
Fat 
Crude fat was estimated by continuous soxhlet extraction technique using petroleum 
o 
ether (40-60 C B.P) as solvent. Finely powdered and dried sample (2-4g) was placed 
in Whatman fat extraction thimble, plugged with cotton, and placed in the soxhlet 
apparatus. A clean, dry soxhlet receiver flask was weighed and fitted to the soxhlet 
assembly on a boiling water bath for extraction which was continued for 10-12 
hours. After extraction the flask was removed and kept in a hot air oven (100 °C) to 
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evaporate the traces of solvent. It was then transferred to a desiccator, cooled and 
reweighed. The difference between the weight of the flask before and after the 
extraction gave the quantity of crude fat extracted from the unknown amount of 
sample. The result was expressed as per cent on dry weight basis. 
Crude protein 
The estimation of crude protein was carried out by slightly modifying the Wong's 
micro-kjeldahl methods as adopted by Jafri et al. (1964). The principle of this 
technique involves digesting a known quantity of sample with N-free sulphuric acid 
in presence of a catalyst, potassium persulphate which convert the nitrogenous 
compound to ammonium sulphate. This is then nesslerized and the colour developed, 
due to the formation of complex compound (NHgal), is measured 
spectrophtometrically. The optical density is read off against a standard curve of 
(NH4)2 SO4 for nitrogen estimation from which the amount of crude protein is 
calculated. 
A known quantity of dried, finely ground sample (0.1-0.5g) was taken in a 
kjeldahl flask containing 5ml of nitrogen-free sulphuric acid (1:1) and heated till 
fumes disappeared. After cooling, 0.5ml of nitrogen-free saturated potassium 
persulphate was added to oxidize the digesting mixture. The digestion was continued 
for about 12-14 hours or till the solution in the kjeldahl flask became water clear, 
indicating that all the nitrogenous material present in the sample has been converted 
into ammonium sulphate. After cooling, the digested mixture was transferred to a 50 
ml volumetric flask and raised to mark with double distilled water. 0.5 ml of aliquot 
of the digested sample was taken in a dry test tube and 0.1 ml each of sulphuric acid 
(1:1) and saturated potassium persulphate solution added to it. The volume was 
raised to 3 ml with double distilled water. This was then nesselerized with 7 ml of 
Bock and Benedict's Nessler's reagent (Oser, 1971). The solution was kept at room 
temperature for 10 minutes for complete colour development. A blank was prepared 
side by side substituting the aliquot with distilled water. The absorbance was 
measured after setting the instrument with a blank at 480 nm. A microprocessor 
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controlled split beam spectronic 1001 spectrophotometer (Milton Roy Company, 
USA) was used. The intensity of colour developed was proportional to the amount of 
ammonium sulphate contained in the solution. The value of optical density obtained 
for various samples were read off against a standard calibration curve (Fig. 1) 
prepared by taking readings of a series of different dilution containing different 
grades of known amount of nitrogen which was multiplied with conventional protein 
factor (6.25 X N) to obtain the crude protein content in the sample. The values were 
recorded as percentage on dry weight basis. 
Amino acid analysis 
Amino acid analysis of casein and gelatin was made with the help of Beckman 
System Gold HPLC unit. To 100 mg dry powdered test sample was added 2 ml of 8 
N sulphuric acid and the content sealed in a glass ampule under vacuum. The content 
o 
was boiled at 110 C for 18-20 h for complete hydrolysis of protein, cooled and 
neutralized with saturated barium chloride solution and centrifuged at 10,000 g to get 
a clear supernatant of hydrolyzed protein. The amino acids contained in the 
hydrolysed sample were derivatized using phenylisothiocyanate. A 100^1 sample 
was mixed with 1ml of coupling buffer (methanol:pyridine:TEA:water, 10:5:2:3) 
followed by the addition of 50 i^l of phenylisothiocyanate. After 5 min at room 
temperature, the solvents were removed to a desiccator. The dried sample was then 
resolubilized in the starting buffer and filtered. A known amount of the derivatized 
sample was injected for chromatography into the Beckman System Gold HPLC unit. 
A mixture of methanol-sodium acetate buffer (6.8 pH) was used as the solvent. 
Separation was carried out on an ultrasphere ODS reverse phase colunm fitted to 
HPLC system. Alkaline hydrolysis was carried out using barium hydroxide (3.2 g in 
5 ml distilled water) in the similar way to analyse amino acids destroyed during the 
acid hydrolysis. The content was neutralized by adding the required amount of 8N 
sulphuric acid. The chromatogram obtained was compared with that of the standard 
amino acids and the content of different amino acids quantified. This method 
allowed complete recovery of methionine but not cystine and tryptophan. Thus 
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cystine was determined from the same acid hydrolysate after treatment with 
dithiothreitol and sodium tetrathionate (Inglis and Liu, 1970), and tryptophan was 
determined using the spectrophotometric method of De Vries et al. (1980). 
Estimation of energy 
Gross energy was determined on a ballistic bomb calorimeter (Gallenkamp, 
Loughborough, England). Prior to estimate, a weighed quantity of dried powdered 
sample (0.5-1.Og) was taken in a metallic crucible and compacted carefully to 
increase the rate of combustion at 25 lb oxygen pressure. 
The heat generated upon combustion was read on the modulated 
galvanometer scale, and converted to energy equivalent, workout earlier using the 
thermo chemical grade benzoic acid (26.44 kJg" ) as a standard. The gross energy 
was expressed as kJg' energy of ingredients used the test diet were calculated as 
23.10, 20.21, 24.27, 16.02 and 37.65 kJ g ' for casein, gelatin, amino acid, dextrin 
and fat respectively, as estimated on Gallenkamp ballistic bomb calorimeter. 
Assessment of growth and conversion efficiencies 
Calculation of various growth parameters, conversion efficiency, nutrient retention, 
and biological indices were made according to the following standard definitions 
(Wee and Tacon, 1982; Tabachek, 1986; Hardy, 1989; and Gunasekera etal., 2000). 
Weight gain (%) 
=100 X (final Body weight-initial Body weight)/initial Body weight. 
Specific growth rate (%) 
=100 X (In final wet weight (g)-In initial wet weight g)/duration (days) 
Feed conversion ratio (FCR) 
=Dry weight of feed consumed / Wet weight gain 
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Protein efficiency ratio (PER) 
=Wet weight gain (g) / Protein consumed (g, dry weight basis) 
Protein deposition 
=100 X ( BWf X BCPf) - ( BW, X BCP.) / [TF X CP] 
Where BWj and BWf = mean initial and final body weight (g), BCP, and BCFf = 
mean initial and final percentage of muscle protein, TF =Total amount of diet 
consumed, and CP=Percentage of crude protein of the diet. 
Statistical analyses / 
The data was statistically analysed using Hewlett Packard computer. Responses of 
fingerling Cirrhinus mrigala to fed graded levels of the test amino acids were 
measured by live weight gain (%) feed conversion ratio (FCR), protein efficiency 
ratio (PER), specific growth rate (SGR) and by analyzing the carcass composition. 
These response variables were subjected to one-way analysis of variance (ANOVA) 
(Sokal and Rohlf, 1981; Snedecor and Cochran, 1967). Simple regression (Y= 
a+bx ) and correlation coefficient (r) was employed. To determine the significant 
differences among the treatments, Duncan's Multiple Range Test (Duncan, 1955) 
was employed. Second-degree polynomial regression analysis (Y= a+bx+cx ) 
(Zeitoun et al, 1976) was employed to growth parameters to predict more accurate 
response to the dietary intake. The break-point obtained represented the optimum 
requirement of the fish for the amino acids under study. For statistical analysis 
Metlab, SPSS and Key plot were used. 
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Composition of vitamin mixture'' 
Vitamins glOOg"* 
Alpha cellulose 8.000 
Choline chloride 0.500 
Inositol 0.200 
Ascorbic acid 0.100 
Niacin 0.075 
Calcium pantothenate 0.050 
Riboflavin 0.020 
Menadione 0.004 
Pyridoxine HCI 0.005 
Thiamin HCI 0.005 
Folic acid 0.0015 
Biotin 0.0005 
a-Tocopherol acetate* * 0.040 
Vitamin B^*** 0.00001 (0.5 ml) 
*Halver, 2002. 
**Incorporated with oil. 
***(10mg/500mlH2O). 
Composition of mineral mixture'' 
Minerals glOOg" 
Calcium biphosphate 13.57 
Calcium lactate 32.69 
Ferric citrate 02.97 
Magnesium sulphate 13.20 
Potassium phosphate (Dibasic) 23.98 
Sodium biphosphate 08.72 
Sodium chloride 04.35 
Aluminium chloride. 6H2O 0.015 
Potassium iodide 0.015 
Cuprous chloride 0.010 
Manganous sulphate H2O 0.080 
Cobalt chloride 6H2O 0.100 
Zinc sulphate 7H2O 0.300 
•Halver, 2002 
Composition of the amino acid mixture'' 
Amino acids (L-series) 
Arginine 
Histidine 
Isoleucine 
Leucine 
Lysine monohydrochloride 
Methionine 
Cystine 
Phenylalanine 
Tyrosine 
Threonine 
Tryptophan 
Valine 
Alanine 
Aspartic acid 
Glutamic acid 
Proline 
Serine 
Glycine 
Total 
Amino acids (glOOg'^ ) 
8.299 
2.371 
7.588 
8.726 
9.829 
3.913 
2.276 
5.976 
4.268 
4.102 
1.422 
6.924 
5.454 
3.272 
6.711 
7.968 
1.636 
12.259 
100.00 
Protein supplied by 
amino acids (glOOg'^ ) 
16.680 
4.013 
5.064 
5.823 
6.546 
2.295 
1.658 
3.167 
2.062 
3.015 
1.219 
5.174 
5.359 
2.152 
3.993 
6.058 
1.363 
14.295 
89.936 
* Calculation based on Chance et al, 1964. 
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CHAPTER I 
CHAPTER I 
DIETARY ARGININE REQUIREMENT OF FINGERLING INDIAN 
MAJOR CARP, CIRRHINUSMRIGALA (HAMILTON)* 
INTRODUCTION 
Availability of commercial feed that meets to the nutrient needs of Indian cultured 
fish species is one of the limiting factors both for intensive and semi-intensive fish 
farming. Precise information on nutritional requirements of cultured species to 
provide appropriate amounts of nutrients for optimal growth is essential to reduce 
feed cost. Among the nutrients required by fish, the indispensable amino acids are of 
utmost importance because of their influence on fish growth and diet economics 
(NRC, 1993). 
Indian major carps, catla, Catla catla, rohu, Labeo rohita and mrigal, 
Cirrhinus mrigala are fast-growing fishes attaining marketable size of 800-1 OOOg in 
less than a year, and are generally propagated on extensive and /or intensive scale in 
polyculture systems (Jhingran and PuUin, 1988). Among these carps, C. mrigala, in 
the wild, is a detritus eater with a narrow range in food variety. It is a bottom feeder 
subsisting mainly on decayed vegetation, easily available in lakes, rivers and in 
confined water bodies of entire Indian subcontinent and is used as a component of 
polyculture with other species of carps. 
The requirements for all 10 indispensable amino acids have been established 
only for a limited number of cultured fish species and reviewed under General 
Introduction (page 10). 
Arginine, an essential amino acid for fish (NRC, 1993), is involved in 
metabolic pathways like protein synthesis, urea production, metabolism of glutamic 
acid and proline, and synthesis of creatine and polyamines (Hird, 1986). Dietary 
'Published in 'AquacultureNutrition' 10: 217-225 (2004) 
arginine deficiency signs reported in common carp include reduced growth rate, 
increased mortality and incidence of lordosis (Tacon, 1992). 
Dietary arginine requirements have been worked out for mossambique tilapia, 
Oreochromis mossambicus (Jackson and Capper, 1982), rainbow trout (Cho et al., 
1992), Asian sea bass, Lates calcarifer (Coloso et a/., 1993), gilthead sea bream 
Sparus aurata (NRC, 1993), Indian major carp, Labeo rohita (Khan and Jafri, 
1993; Murthy and Varghese, 1995), hybrid striped bass, Morone saxatilis X M. 
chrysops (Griffin et al., 1994^), sea bass, Dicentrarchus labrax (Tibaldi et al., 1994), 
Atlantic salmon, Salmo salar (Lall et al, 1994; Berge et al., 1997), yellow perch, 
Perca flavescens (Twibell and Brown, 1997), coho salmon (Luzzana et al, 1998), 
African catfish, Clarias gariepinus, (Fagbenro et al., 1999), silver perch, Bidyanus 
bidyanus (Ngamsnae et al., 1999), red drum, Sciaenops ocellatus (Barziza et al., 
2000), Asian sea bass (Murillo-Gurrea et al., 2001), and Japanese flounder, 
Paralichthys olivaceus (Alam et al., 2002*). 
Although the dietary protein requirement of C. mrigala has been quantified 
and mentioned under General Introduction (page 8), no information is available on 
its arginine requirement. The present study was undertaken to determine the 
optimum dietary arginine requirement of fmgerling C. mrigala. 
MATERIALS AND METHODS 
Experimental diet 
Six isonitrogenous (40% crude protein (CP)) and isocaloric (17.90 kJ g"', gross 
energy (GE)) amino acid test diets were formulated using casein (fat-free), gelatin 
and L-crystalline amino acids with graded levels of L-arginine (Table 1). The levels 
of L-arginine were in increments of 0.25 glOOg' dry diets. To make the diets 
isonitrogenous, arginine was quantitatively increased at the expense of glycine and 
proline. oc-Cellulose was used to make the diets isoenergetic. The levels of arginine 
in the amino acid test diets were fixed on the basis of information available for the 
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other Indian major carps, C catla (Ravi and Devaraj, 1991) and L. rohita (Khan and 
Jafri, 1993 and Murthy and Varghese, 1995). 
Method of preparation of the experimental diets has been described under 
General Methodology section (page 11-12). Proximate composition of the diets and 
body carcass was estimated according to standard methods (page 14-17). 
Experimental design and feeding trial 
Source offish, their acclimation, and details of general experimental design have 
been described under General Methodology section (page 11-13) 
C. mrigala fingerlings (4.20+0.05 cm, 0.60±0.02 g) were randomly stocked in 
triplicate groups of 20 fish each, in 70-L polyvinyl indoor circular troughs (water 
volume 55-L), supplied with ground water (1-1.5L min"') for each dietary treatment 
level. As described earlier, fish were fed the test diets in the form of dry crumbles at 
a rate of 5% body weight/day twice daily at 08:00 and 16:00 h. The feeding trial 
lasted for 8 weeks. Fecal matter and unconsumed feed were siphoned before feeding. 
Uneaten food, if found, was filtered over a screen soon after active feeding, dried 
and weighed to measure the amount of feed consumed. The average water 
temperature, pH, dissolved oxygen, free carbon dioxide, total alkalinity, estimated 
using standard methods (APHA, 1992), over the 8 weeks feeding trial, based on 
daily measurements, were 26.5±1.80 °C, 7.10±1.0, 6.7±1.0, 8.20±2.10, 65.80+2.40 
mg L ' , respectively. 
Chemical analysis 
Proximate composition of casein, gelatin, experimental diets and carcass 
composition of C mrigala was estimated with standard AOAC (1995) methods as 
given under General Methodology section (page 14-17). 
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Statistical analysis 
Statistical analysis of the data was performed as per the methods given under 
General Methodology section (page 18). 
RESULTS 
Over the 8-week growth trial, significant differences were observed in live weight 
gain per cent of fingerling C. mrigala fed diets containing graded levels of dietary 
arginine (Table 2). Fish receiving 1.75% arginine diet produced the maximum gain 
(321%) in live weight. Fish fed diet beyond 1.75% dietary arginine could not 
produce additional growth. Fish fed diets with lower arginine levels showed reduced 
weight gain and efficiency of feed utilization. The highest specific growth rate 
(2.54%), PER (1.78) and best FCR (1.40) were also observed in fish fed diet 
containing 1.75% arginine (diet IV). However, on subjecting the data on live weight 
gain and dietary levels of arginine to quadratic regression analysis, a break point was 
evident at 1.87% dietary arginine level, corresponding to 4.67% of dietary protein 
(Fig. 1). The relationship was described by the equation 
Y= 248.52x^ + 930.8717X - 557.8653 (r = 0.982; P<0.05) 
The FCR (Y) to dietary levels of arginine (X) relationship was best described 
by a second-degree polynomial regression analysis (Fig. 2). The relationship being; 
Y= 1.9857x^ - 7.3256X + 8.1902 (r = 0.993; P<0.05) 
The PER (Y) to dietary levels of arginine (X) relationship was best described 
by a second-degree polynomial regression analysis (Fig. 3). The relationship being; 
Y = - 1.2060x^+ 4.4182X - 2.3812 (r - 0.973; P<0.05) 
Based on the above polynomial equations, the best FCR and PER occurred at 
arginine levels of approximately 1.84% and 1.83% of the dry diet, respectively. 
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Carcass composition (Table 3) of C. mrigala fed amino acid test diets varied 
significantly (P<0.05) among various dietary groups. Significantly low moisture per 
cent was recorded in fish that fed diet containing 1.75% dietary arginine compared 
with other dietary arginine levels. Protein content in fish fed diet containing 1.75% 
arginine was significantly (P<0.05) higher, followed by those receiving diet 
containing 1.50% and 2.00% dietary arginine. Significantly (P<0.05) lower fat value 
was recorded at the requirement level. Ash content was found to be significantly 
(P<0.05) higher in fish fed 1.75% arginine diet. However, fish fed diet with other 
levels showed lower ash content and remained insignificantly (P>0.05) different. Fish 
fed diet containing 1.75% arginine resulted in highest protein deposition (fig. 4), 
which was significantly (P<0.05) higher with other dietary groups. 
DISCUSSION 
All fish species studied so far require the same ten indispensable amino acids in their 
diets for maximum growth (Wilson, 1985). An indispensable amino acid deficiency 
may cause reduced growth and poor feed conversion (Wilson and Halver, 1986). 
Therefore, satisfying the indispensable amino acids requirement of a species is 
important to prepare a well-balanced diet. 
Arginine biosynthesis occurs in mammals in the presence of enzymes of the 
urea (Drotman and Freedland, 1972) and ornithine cycles (Jones, 1985). Birds, on 
the contrary, cannot synthesize arginine from ornithine because of the lack of 
mitochondrial carbamyl phosphate synthetase, the initial enzyme of the urea cycle. 
The presence of a full urea cycle in teleostean fish (Huggins et al., 1969), including 
rainbow trout (Chiu et al., 1988), suggests a potential for arginine biosynthesis. All 
species require substantial amounts of dietary arginine for maximum growth. This 
indicates that all though an animal possesses the enzyme necessary for arginine 
synthesis, the amount of arginine synthesized may not be enough to meet the need 
for maximum growth. In freshwater teleost, the activity of the urea cycle, a pathway 
of arginine synthesis, is very low compared with mammals (Depeche et al., 1979), 
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consequently, the essentiality of arginine would be more pronounced in fish than in 
growing mammals. The metabolic demands of the different pathways could also 
interfere with the arginine requirement for protein synthesis, leading to very different 
dietary requirement for arginine. 
Teleost fish require the same ten indispensable amino acids as most terrestrial 
animals, excepting arginine which is as much essential as in terrestrial carnivores 
(Kaushik, 1998). Inclusion of an optimum amount of arginine is a prerequisite to the 
formulation of nutritionally adequate artificial diet for fish culture. The present 
finding indicates that 1.75% dietary arginine is optimum for maximum growth of C. 
mrigala. Best feed efficiency at this level of dietary arginine is reflected by values 
obtained for FCR, weight gain, SGR and PER. Fish utilized 1.75% of dietary 
arginine to synthesize maximum carcass protein and inclusion of arginine at more 
than 1.75% of the diet did not improve carcass protein content. This may be the 
result of excess intake of arginine resulting in poor growth because disproportionate 
amount of one amino acid affects the utilization of the other amino acids (Coloso et 
al., 1999). Reduction in growth rate offish fed higher levels of arginine may also be 
the result of toxic effects (Choo et al., 1991) and stress caused by excess amount of 
amino acid in the body of the fish leading to extra energy expenditure towards 
deamination and excretion of the same (Walton, 1985). Similar growth depressing 
effect of feeding more amounts of arginine than optimum was also evident in other 
Indian major carp, C. catla (Ravi and Devaraj, 1991). Minimimi carcass fat recorded 
at 1.75% arginine indicated that dietary fat at this level probably spared protein for 
growth. Quadratic regression analysis of growth response data indicated the dietary 
requirement to be at 1.87% of dry diet (Fig. 1). However, quadratic regression 
analyses of FCR and PER data indicated the optimum requirement at 1.84% and 
1.83% of the dry diet, respectively. Based on the above results, the recommended 
optimum dietary arginine requirement of C. mrigala is 1.84% arginine of the dry 
diet, corresponding to 4.60% of dietary protein, a value comparable to the 
requirements reported for other fish species (Table 4). 
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The wide variations observed in the requirement level for arginine among fish 
species may be the result of differences in the methodologies used such as the nature 
of the dietary protein sources in the test diets, the reference protein, the amino acid 
pattern being mimicked and the culture conditions (Luzzana et at., 1998). The 
variation may also be related to real species differences. Kim et al. (1992*') pointed 
out that large variation in the values for arginine requirements may be the result of 
differences in the composition of basal diet used for different experiments. It has also 
been suggested that the wide variability and the reliability of arginine requirements 
of fish may be affected by fish size and age, feeding regime, feed allowance, 
adequate levels of other nutrients, water temperature, flow rate, stock density, 
environmental and culture conditions adopted in different laboratories (Cowey and 
Luquet, 1983; Tacon and Cowey, 1985; Chiu et al., 1988). Digestibility, amino acid 
profile and energy content may also bring about variable effects in amino acid 
requirement studies (Simmons et al., 1999; De Silva et al., 2000). 
Arginine deficiency causes reduced growth and protein retention as shown in 
European sea bass (Tibaldi et al., 1994) and coho salmon (Luzzana et al, 1998). 
Except for loss of appetite and low feed efficiency which resulted in depressed 
growth in C. mrigala fed diets containing less than 1.75% dietary arginine, no diet-
related mortality or morphological symptoms of arginine deficiency were observed. 
However, fish fed diets with arginine above the requirement level could not produce 
additional growth. As is evident from the growth curve, no clear sign of antagonism 
between arginine and lysine was observed in the present study, beyond the dietary 
arginine requirement level. Based on the quadratic regression analysis of FCR and 
PER data, and also the highest protein deposition value, an inclusion of 1.84% 
dietary arginine, corresponding to 4.60% dietary protein, is recommended for 
optimum grov^h of fingerling C. mrigala. The data generated in the present study on 
the quantitative dietary arginine requirement of C. mrigala would be useful in 
developing arginine balanced practical diets for the intensive culture of this species. 
25 
SUMMARY 
Dietary arginine requirement of fingerling Indian major carp, Cirrhinus mrigala 
(4.20±0.05 cm, 0.60±0.02 g) was determined by conducting a 8-week feeding trial 
with casein-gelatin based diets (40% crude protein; 17.90 kJg"', gross energy), 
containing crystalline amino acids with graded levels of L-arginine (1.00, 1.25, 1.50, 
1.75, 2.00 and 2.25 glOOg', dry diet). Fish were randomly stocked, in triplicate 
groups, in 55-L indoor polyvinyl flow-through circular tanks and fed experimental 
diets at 5% of their body weight divided into two feedings at 08:00 and 16:00 hours. 
Live weight gain (321%) and feed conversion ratio (FCR 1.40) were significantly 
(P<0.05) higher in fish fed diet containing 1.75% dietary arginine compared with 
other diets. Second-degree polynomial regression analysis of live weight gain, FCR 
and protein efficiency ratio data indicated requirements for dietary arginine at 1.87, 
1.84 and 1.83 glOOg"' of the dry diet, respectively. Maximum carcass protein, and 
minimum moisture and fat contents were noticed at the requirement level. Carcass 
ash content remained insignificantly different among the treatments except at 1.75% 
dietary arginine showing significantly higher ash content. Based on the above 
results, it is recommended that the diet for fingerling C. mrigala should contain 
arginine at 1.84 glOOg'' dry diet, corresponding to 4.60 glOOg"' dietary protein for 
optimum growth and efficient feed utilization. ^ 
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Table 4. Dietary arginine requirement of different fish species (glOOg'' dietary protein) 
Fish species 
Mrigal 
Catla 
Rohu 
Rohu 
Common carp 
Japanese eel 
Milkfish 
Channel catfish 
Coho salmon 
Chum salmon 
Rainbow trout 
Hybrid striped bass 
Sea bass 
Yellow perch 
African catfish 
Japanese flounder 
Mozambique tilapia 
Gilthead sea bream 
Silver perch 
Red drum 
Nile tilapia 
Atlantic salmon 
-
Arginine 
(gioog-') 
4.60 
4.80 
5..80 
2.94 
4.30 
4.50 
5.25 
4.30 
5.80 
6.00 
4.00 
4.00 
3.90 
4.30 
4.60 
4.30 
4.00 
5.00 
6.80 
5.00 
4.20 
4.10 
5.10 
Crude protein 
(gioog-') 
40.0 
40.0 
40.0 
35.0 
38.5 
38.0 
45.0 
24.0 
40.0 
40.0 
40.0 
33.0 
40.0 
33.0 
40.0 
50.0 
40.0 
40.0 
40.0 
45.0 
28.0 
40.0 
44.0 
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CHAPTER 
CHAPTER I I 
DIETARY LYSINE REQUIREMENT OF FINGERLING INDIAN 
MMORCARPfCIRRHI/VUSMRIGALA (HAMILTON)* 
INTRODUCTION 
Supplementary feeding has become an integral part both in hatcheries and growout 
ponds under semi-intensive and intensive fish farming systems. In improved 
extensive and semi-intensive operations, formulated feed is used as a supplementary 
source of nutrients for direct consumption, while natural food organisms still remain 
the major source of food. In intensive culture where contribution of natural 
organisms is not significant with respect to stocking density, formulated feeds are 
used as the only source of dietary nutrients satisfying the nutritional needs of the 
concerned species. 
Formulation of such balanced feeds requires complete knowledge of the 
nutritional requirements of the cultured species. The major constraints in formulating 
cost-effective diets are a lack of information on nutritional requirements of fish and 
the digestibility of suitable feed ingredients (Tacon, 1994; McGoogan and Reigh, 
1996). The survival, healthiness, growth and efficient feed utilization offish depend 
on the nutritive value of feeds. Apart fi-om optimal protein quantity, quality in terms 
of amino acids profile in the feed assumes greater significance for maximal growth 
in fish. It is known to increase the carrying capacity of culture systems and can 
enhance fish production by many fold (Hepher, 1975). 
Dietary protein constitutes one of the primary nutrient costs of the feed and is 
the initial source of nitrogen waste products entering a culture system. Optimization 
of dietary protein levels along with increasing nutrient retention by the fish could 
reduce nitrogen loading and positively influence production costs (Thoman et ai, 
1999). Protein is essential for growth and development. It provides the body with 
'Published in 'Aquaculture' 235: 499-511 (2004) 
energy and is needed for the synthesis of hormones, antibodies, enzymes and tissues. 
It is usually considered to be the most important nutrient in fish feeds 
(Keembiyehetty and Gatlin, 1992). Fish generally have a higher protein requirement 
than land animals (Lovell, 1989). The gross dietary protein requirement is directly 
influenced by the amino acid composition of the diet. All fish species studied to date 
have been shown to require ten indispensable amino acids in their diet for maximum 
growth (Wilson, 1985). An indispensable amino acid deficiency may cause reduced 
growth and poor feed conversion (Wilson and Halver, 1986); therefore, satisfying 
the indispensable amino acid requirements of a species is of utmost importance in 
preparing well-balanced diets. 
The requirements for all 10 indispensable amino acids have been established 
only for nine cultured fish species and reviewed under General Introduction section 
(page 10). 
Amino acids are required by all fish species, and lysine is of particular 
concern because it is the indispensable amino acid found in the highest concentration 
in the carcass of many species offish (Wilson and Cowey, 1985; Wilson and Poe, 
1985; NRC, 1993). Lysine is generally the most limiting amino acid in the 
ingredients used to prepare fish feeds (Harris, 1980; Forster and Ogata, 1998; Small 
and Soares, 2000) and is indispensable for all finfish species studied. It serves along 
with methionine as a precursor to carnitine, which is involved in the transportation of 
long chain fatty acyl groups into the mitochondria for beta oxidation (Walton et al., 
1984*'). Moreover, lysine is the limiting amino acid in cereal grains which are 
important feedstuffs locally available for formulating fish diets (Tantikitti and 
Chimsung,2001). 
Dietary lysine requirements have been quantified for a number offish species, 
these include channel catfish, Mossambique tilapia, rainbow trout, European sea 
bass, red drum, hybrid striped bass, Atlantic salmon, rohu, yellow tail, African 
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catfish, (Wilson, 2002), freshwater catfish, (Tantikitti and Chimsung, 2001) and 
Asian sea bass, (Murillo-Gurrea et al., 2001). 
Although the dietary protein requirement of fingerling Cirrhinus mrigala has 
been quantified and mentioned under General Introduction (page 8), no information 
is available on its lysine requirement. The present investigation was, therefore, 
undertaken to determine the optimum dietary lysine requirement of fingerling C. 
mrigala. 
MATERIALS AND METHODS 
Experimental diet 
Six isonitrogenous (40% CP) and isocaloric (17.90 kJ g~', GE) amino acid test diets 
were formulated using casein (fat-free), gelatin and L-crystalline amino acids with 
graded levels of lysine (Table 1). The levels of L- lysine were in increments of 0.25 
glOOg" . To make the diets isonitrogenous, lysine was quantitatively increased at the 
expense of glycine and proline. oc-CelluIose was used to make the diets isoenergetic. 
The levels of lysine in the amino acid test diets were fixed on the basis of 
information available for the other Indian major carps, C. catla (Ravi and Devaraj, 
1991) and L. rohita (Khan and Jafri, 1993; Murthy and Varghese, 19970-
Method of preparation of the experimental diets has been described under 
General Methodology section (page 11-12). Proximate composition of the diets and 
body carcass were estimated according to standard methods (page 14-17). 
Experimental design and feeding trial 
Source offish, their acclimation, and details of general experimental design have 
been described under General Methodology section (page 11-13) 
C mrigala fingerlings (4.30±0.25 cm, 0.62±0.02 g) were randomly stocked, 
in triplicate groups of 20 fish per trough for each dietary treatment level. The 
average water temperature, pH, dissolved oxygen, free carbon dioxide, total 
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alkalinity, estimated using standard methods (APHA, 1992), over the 8-week feeding 
trial, based on daily measurements, were 26.5±1.80 °C, 7.10±1.0,6.7±1.0, 8.20+2.10, 
65.80±2.40 mg L"', respectively. 
Growth parameters and feed utilization efficiencies were measured using 
standard definitions given elsewhere (page 17-18). 
Chemical analysis 
Proximate composition of casein, gelatin, experimental diets and carcass 
composition of C. mrigala was estimated with standard AOAC (1995) methods 
(page 14-17). Whole body energy were determined in Gallenkamp blastic bomb 
calorimeter (page 17). Amino acid analysis of casein and gelatin was made as 
described elsewhere (page 16). 
Statistical analysis 
Statistical analysis of the data was performed as per the methods given under 
General Methodology section (page 18). 
RESULTS 
The per cent live weight gain, specific growth rate (SGR), feed conversion ratio 
(FCR) and protein efficiency ratio (PER) of C. mrigala fed different levels of dietary 
lysine are presented in Table 2. Maximum live weight gain was evident in fish fed 
diets containing 2.25% dietary lysine (Diet IV). The overall growth of fish at this 
level of dietary lysine over the 8-week feeding trial was 298%. Specific growth rate 
was significantly (P<0.05) higher at 2.25% dietary lysine inclusion compared to the 
other dietary levels, excepting 2.50% lysine which showed no difference with that of 
2.25%. Significant differences were observed in feed conversion ratio with fish fed 
different levels of lysine and ranged between 1.51 and 2.98, with the best feed 
conversion ratio in fish fed 2.25% dietary lysine. The protein efficiency ratio (PER) 
offish fed the diet containing 2.25% dietary lysine was significantly (P<0.05) higher 
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than those fed other dietary levels. Fish fed diets beyond 2.25% lysine could not 
produce additional growth whereas fish fed diets with lower lysine level showed 
reduced weight gain and efficiency of feed utilization. However, on subjecting the 
data on live weight gain and dietary level of lysine to second-degree polynomial 
regression analysis, a break-point was evident at 2.38% of dietary lysine 
corresponding to 5.95% of dietary protein (Fig. 1). The relationship described by the 
equation at 95% of the maximum slope was: 
Y= -191.9025x2 +915.2419X-804.1468 (r = 0.987; P<0.05) 
The FCR (Y) to dietary lysine levels (X) relationship was best described by 
second-degree polynomial regression curve (Fig. 2) and the mathematical 
relationship was: 
Y = 1.9691x2 - 9.0761X + 12.0633 (r = 0.992; P<0.05) 
Similarly, the PER (Y) to dietary lysine levels (X) relationship was best described by 
second-degree polynomial regression curve (Fig. 3). The relationship being; 
Y = - 1.0243x2 + 4.7139X - 3.9261 (r = 0.948; P<0.05) 
Based on the above polynomial equations, the best FCR and PER occurred at lysine 
levels of 2.30% and 2.29% of the dry diet. 
Carcass composition of fish fed various diets is illustrated in Table 3. 
Moisture content of fish fed different levels of dietary lysine decreased (P<0.05) 
with increasing lysine level up to 2.25% (diet IV) and thereafter an increase in 
moisture was noted. The protein content was (P<0.05) higher in fish fed diet 
containing 2.25% dietary lysine than those fed diets with other lysine levels. 
Maximum carcass fat was noted with fish fed 2.25% dietary lysine, which was not 
significantly different to that of fish fed 2.00% dietary lysine. However, lower fat 
(P<0.05) was noted in fish fed 1.50% and 1.75% lysine compared to those fed 2.50% 
and 2.75% dietary lysine. Ash content was not different among the treatments. 
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except at 1.50% and 2.75% dietary lysine where a significantly higher and lower ash 
content was evident. Protein deposition (Fig. 4) in fish fed the diet with 2.25% lysine 
was found to be significantly higher compared to the other dietary lysine levels 
(Fig. 4). 
DISCUSSION 
Inclusion of an optimum amount of lysine is a prerequisite to the formulation of 
nutritionally adequate cost-effective diets for fish culture. The present finding 
indicates that 2.25% dietary lysine is optimum for maximum growth of C. mrigala. 
This level of dietary lysine also supported the best weight gain, specific growth rate 
and protein efficiency ratio. Quadratic regression analysis of growth response data 
indicated the dietary requirement to be at 2.38% of dry diet. However, quadratic 
regression analysis of FCR and PER data indicated the optimum requirement at 
2.30% and 2.29% of the dry diet, respectively. Based on the above results, the 
optimum dietary lysine requirement of C mrigala is recommended at 2.30% of dry 
diet, corresponding to 5.75% of dietary protein. The lysine requirement varies 
between 3.32% to 6.61% of protein among species and within the same species 
(NRC, 1993; Forster and Ogata, 1998; Wilson, 2002). The lysine requirement of C. 
mrigala at 5.75% of dietary protein is very close to the requirement reported for 
common carp 5.70% (Nose, 1979), rohu 5.88% (Khan and JaM, 1993), 5.68% 
(Murthy and Varghese, 1997"), African catfish 5.70% (Fagbenro et al, 1998*') and is 
lower than the requirement reported for catla 6.20% (Ravi and Devaraj, 1991), 
rainbow trout 6.10% (Ketola, 1983), but higher than to the requirement reported for 
Chinook salmon 5.00% (Halver et al, 1958), Japanese eel 5.30% (Nose, 1979), 
channel catfish 5.00% (Robinson etal., 1980*'), Mossambique tilapia 4.05% (Jackson 
and Capper, 1982), Nile tilapia 5.12% (Santiago and Lovell, 1988), milkfish 4,00% 
(Borlongan and Benitez, 1990), European sea bass 4.80% (Tibaldi and Lanari, 1991), 
rainbow trout 3.71% (Kim et al., 1992*'); 4.20% Walton et al., 1984*'); 5.30% 
(Ogino, 1980), hybrid striped bass 4.03% (Keembiyehetty and Gatlin, 1992), red 
drum 4.43% (Craig and Gatlin, 1992), Atlanfic salmon 4.00% (Anderson et al. 
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1993), coho salmon 5.00% (Arai and Ogata, 1993), chum salmon 5.00% (Akiyama 
and Arai, 1993), yellow tail 4.10% (Ruchimat et al, \99l\ red sea bream 4.40%, 
Japanese flounder 4.60% (Forster and Ogata, 1998), European sea bass 4.80%, 
gilthead sea bream 5.00% and turbot 5.00% (Kaushik, 1998), juvenile striped bass 
4.90% (Small and Soares, 2000) and Asian sea bass 4.50% (Murillo-Gurrea et al, 
2001). 
The model used to analyse the dose-response relationship also influences the 
estimate of requirements, with the broken-line model generally giving lower 
estimates of requirements than nonlinear models (Baker, 1986). For this reason a 
nonlinear model, which more accurately describes the complex physiological 
response of living organisms and allows for prudent decisions pertaining to cost of 
nutrients (Pack et al., 1995), was chosen to analyse the data in this study. 
The wide variations observed in the requirement level for lysine among fish 
species may be due to the differences in the methodologies used such as the nature of 
the dietary protein sources in the test diets, the reference protein, which amino acid 
pattern is being mimicked, culture conditions and differences in species (Forster and 
Ogata, 1998). The variation may also be related to real species differences. Kim et 
al. (1992**) pointed out that large variation in the values for lysine requirements may 
be due to differences in the composition of basal diet used for different experiments 
and also suggested that the wide variability and the reliability of lysine requirements 
of fish may be affected by fish size and age, feeding regime, feed allowance, 
adequate levels of other nutrients, water temperature, flow rate, stock density, and 
environmental as well as other culture conditions adopted in different laboratories. 
Digestibility, amino acid profile and energy content may also bring about variable 
effects in amino acid requirement studies (Simmons et al., 1999; De Silva et al, 
2000). Variations may also be attributed to true differences between phylogenetically 
distinct families or species (Akiyama et al., 1997). 
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Lysine deficiency causes loss of appetite, resulting in low feed intake and 
reduced growth rate as shown in milkfish (Borlongan and Benitez, 1990) and rohu 
(Khan and Jafri, 1993; Murthy and Varghese, 1997^). Except for loss of appetite and 
low feed efficiency which resulted in depressed growth in C. mrigala fed diets 
containing less than 2.25% dietary lysine, no diet-related mortality or morphological 
signs of lysine deficiency were observed. However, weight gain of C. mrigala 
decreased when lysine exceeded the requirement. The reduction in growth of mrigal 
fed higher concentrations of lysine (diet VI) was similar to results reported by other 
workers (Walton, 1985; Choo et al., 1991; Murthy and Varghese, 1997"). As evident 
in the grov^ curve, no clear sign of antagonism between lysine and arginine was 
observed in the present study beyond the dietary lysine requirement level (diet V). 
However, reduction in growth of fish fed still higher amount of lysine (diet VI) may 
be due to the negative effects (lysine-arginine interaction) of excessive amount of 
free lysine at this level. Based on the quadratic regression analysis of FCR and PER 
data, and also the highest protein deposition value, an inclusion of 2.30 glOOg"' 
dietary lysine, corresponding to 5.75 glOOg'' dietary protein, is recommended for 
optimum grovvth of fingerling C. mrigala. The data generated in the present study on 
the quantitative dietary lysine requirement of C. mrigala would be useful in 
developing lysine balanced practical diets for the intensive culture of this species. 
SUMMARY 
An 8-week growth study was conducted to quantify the dietary lysine requirement of 
fingerling Indian major carp, Cirrhinus mrigala (4.30±0.25 cm, 0.63±0.02 g) using 
diets containing casein and gelatin as sources of intact protein, supplemented with 
crystalline amino acids. Amino acid test diets (40% CP and 17.90 kJ g ' GE) with 
graded levels of lysine (1.50, 1.75, 2.00,2.25, 2.50 and 2.75 glOOg', dry diet) were 
formulated. Fish were randomly stocked, in triplicate groups, in 55-L indoor 
polyvinyl flow-through circular tanks and fed experimental diets at 5% of their body 
weight/day divided over two feeding at 08:00 and 16:00 h. Maximum live weight 
gain (298%) and feed conversion ratio (1.51) occurred at 2.25% dietary lysine. 
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Second-degree polynomial regression analysis of live weight gain, FCR and PER 
data indicated requirements for lysine at 2.38, 2.30 and 2.29 glOOg' of dry diet, 
respectively. Significantly (P<0.05) higher protein and low carcass moisture were 
recorded at the requirement level. Carcass fat was found to be significantly higher at 
2.25% lysine with the exception of 2.00% lysine diet where it was not different. Ash 
content of fish fed diets with different lysine levels did not differ except at 1.50% 
and 2.75% lysine diet where significantly higher and lower ash was noticed. Based 
on above results, it is recommended that the diet for C. mrigala should contain lysine 
at 2.30 glOOg"' of dry diet, corresponding to 5.75 glOOg"' of dietary protein for 
optimum growth and efficient feed utilization. No mortality was observed during the 
experiment. 
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Figure 1. Second-degree polynomial relationship of 
live weight gain to dietary lysine levels. 
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Figure 2. Second-degree polynomial relationship of feed 
conversion ratio to dietary lysine levels. 
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Figure 3. Second-degree polynomial relationship of protein 
efficiency ratio to dietary lysine levels. 
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dietary lysine levels. 
CHAPTER 
CHAPTER I I I 
DIETARY THREONINE REQUIREMENT OF FINGERLING INDIAN 
MAJOR CARP, CIRRHINUSMRIGALA (HAMILTON)* 
INTRODUCTION 
Precise information on nutritional requirements of culturable fish species is essential 
to reduce feed cost by allowing provision of appropriate amounts of various nutrients 
for optimal growth and health. Of the nutrients required by fish, the indispensable 
amino acids that make up the protein quality an expensive component in fish diet are 
of utmost importance because of their influence on fish growth and diet economics 
(NRC, 1993). 
Quantitative dietary amino acid requirements for 10 amino acids have been 
investigated for several aquaculture species and reviewed under General Introduction 
section (page 10). 
After lysine and methionine, threonine is the most limiting indispensable 
amino acid in practical ingredients used for diet preparation. Dietary threonine 
requirements have been worked out for red drum, Sciaenops ocellatus (Boren and 
Gatlin, 1995), Indian major carp, rohu, L. rohita (Murthy and Varghese, 1996*), 
striped bass, Morone saxatilis (Small and Soares, 1999), juvenile striped bass, 
Morone chrysops X M. saxatilis (Keembiyehetty and Gatlin, 1997) and European 
striped bass, Dicentrarchus labrax (Tibaldi and Tulli, 1999). 
Although the dietary protein requirement of Cirrhinus mrigala has been 
quantified and mentioned under General Introduction section (page 8), no 
information is available on its threonine requirement. Hence, the present 
investigation was undertaken to determine the optimum dietary threonine 
requirement of fingerling C. mrigala. 
'Published in 'Aquaculture Research' 35: 162-170 (2004) 
MATERIALS AND METHODS 
Experimental diet 
Six isonitrogenous (40% crude protein (CP)) and isocaloric diets (17.90 kJ g"', gross 
energy) with graded levels of threonine were formulated, using casein (fat-free), 
gelatin and L-crystalline amino acid premix (Table I). The levels of L-threonine 
were in increment of 0.25 glOOg'\ dry diets. The quantity of threonine was increased 
at the expense of glycine and proline so as to make the diets isonitrogenous. The 
levels of threonine in the test diets were fixed on the basis of information available 
on the other Indian major carps, C. catla (Ravi and Devaraj, 1991) and L. rohita 
(Murthy and Varghese, 1996^). 
Method of preparation of the experimental diets has been described under 
General Methodology section (page 11-12). Proximate composition of the diets and 
body carcass were estimated according to standard methods (page 14-17). 
Experimental design and feeding trial 
Source of fish, their acclimation, and details of general experimental design have 
been described under General Methodology section (page 11-13). 
C. mrigala fingerling (3.85±0.75 cm, 0.52±0.21g) were then randomly 
stocked in triplicate groups at the rate of 20 fish per trough for each dietary treatment 
level. Water temperature, pH, free carbon dioxide, dissolved oxygen and total 
alkalinity during the feeding trial were recorded following the standard methods 
(APHA, 1992). The average water temperature, pH, dissolved oxygen, fi-ee carbon 
dioxide, alkalinity over the eight weeks feeding trial, based on daily measurements, 
were 26-27.5 °C, 7.2-7.8, 6.6-7.4, 16-18, 46-55 mg L"', respectively. 
Chemical analysis 
Proximate composition of casein, gelatin, experimental diets and carcass 
composition of C. mrigala was estimated with standard AOAC (1995) methods 
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(pagel4-17). Whole body energy were determined in Gallenkamp blastic bomb 
calorimeter (page 17). Amino acid analysis of casein and gelatin was made with the 
help of Beckman System Gold HPLC unit as described in General Methodology 
section (page 16). 
Statistical analysis 
Statistical analysis of the data was performed as per the methods given under 
General Methodology section (page 18). 
RESULTS 
The growth performance of fingerling C. mrigala fed diets containing graded levels 
of threonine for eight weeks is shown in Table 2. Maximum weight gain (%), 
specific growth rate (SGR%), PER, and best FCR were observed in fish fed the diet 
containing 1.75% threonine (diet IV). Poor growth and FCR values were evident 
below and beyond this level of threonine inclusion. No mortality was observed in 
fish fed the experimental diets during the experiment. On subjecting the growth data 
to second-degree polynomial regression analysis (Zeitoun et al., 1976), a break point 
was evident at 1.84% dietary threonine, corresponding to 4.60% of dietary protein 
(Fig. 1), the relationship being: 
Y= - 234.7286x^+ 865.6896x - 498.6514 ( r - 0.993; P<0.05) 
The FCR in C. mrigala fingerling fed 1.75% threonine diet differed 
significantly (P<0.05) from the other levels of threonine inclusion (Table 2). The 
FCR (Y) to dietary levels of threonine (X) relationship was best described by a 
second-degree polynomial regression analysis (Fig. 2) and the following 
mathematical relationship: 
Y = 2. 2457x^ - 8.1317X + 8.8496 (r = 0.994; P<0.05) 
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The PER (Y) to dietary levels of threonine (X) relationship was best described 
by a second-degree polynomial regression analysis (Fig. 3). The relationship being: 
Y = - 1. 3206x^ + 4.7244X - 2.6145 (r = 0.965; P<0.05) 
Based on the above polynomial equations, the best FCR and PER occurred at 
1.81% and 1.78% threonine of the dry diet, respectively. 
Carcass composition values of C mrigala fed diets containing different levels 
of threonine are presented in Table 3. Carcass protein was found to be significantly 
(P<0.05) higher at 1.75% dietary threonine followed by 1.50% and 2.00% dietary 
threonine levels. Minimum carcass moisture was recorded in fish fed 1.75% 
threonine level, which was significantly (P<0.05) lower than that fed lower doses of 
threonine levels. However, no significant differences in the moisture content were 
evident in fish fed higher doses of dietary threonine. Maximum fat values were 
evident in fish fed 1.25%, 1.50% and 2.25% threonine levels, whereas no significant 
differences were observed in fat values offish fed 1.50%, 1.75% and 2.00% dietary 
threonine levels. Fish receiving different threonine levels, with the exception of 
those fed 1.00% diet, showed no significant differences in their ash content. 
However, 1.00% dietary threonine level produced significantly (P<0.05) highest ash 
values. 
Carcass protein deposition was found to be significantly higher (P<0.05) at 
1.75% dietary threonine (Fig. 4), whereas lowest value was recorded in fish fed 
1.00% and 1.25% dietary threonine. 
DISCUSSION 
Growth is the result of intake of the indispensable amino acids resulting in high 
protein deposition. Deficiency of indispensable amino acids may cause reduced 
growth, poor feed conversion, and some deficiency symptoms (Wilson and Halver, 
1986). The utilization of amino acids depends, in general, upon the level of their 
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intake and balance, availability, dietary energy and adequate levels of other nutrients 
in the diet. 
Inclusion of optimum amount of threonine is prerequisite for the formulation 
of nutritionally adequate artificial feeds for the culture of a fish species. The present 
finding indicates that 1.75% dietary threonine is optimum for maximum growth of 
fmgerling C. mrigala. Best feed efficiency, expressed as the FCR, is a reflection of 
highest weight gain, best SGR and PER above the level of dietary threonine. Second-
degree polynomial regression analysis of growth response curve indicated dietary 
threonine to be at 1.84% of dry diet (Fig. 1). The break point obtained at 1.84% 
threonine inclusion in the diet indicates that increasing threonine beyond this level 
did not produce significant additional growth. However, second-degree polynomial 
regression analysis of FCR and PER data indicated the optimum requirement at 
1.81% and 1.78% of the dry diet, respectively. Based on the above results, the 
optimum dietary threonine requirement of C. mrigala is recommended at 1.80 
glOOg' threonine of the dry diet, corresponding to 4.50 glOOg"' of dietary protein. 
This value is similar to the requirements reported for the milkfish 4.50% (Borlongan 
and Coloso, 1993), but is higher than the requirements reported for Indian major 
carp, rohu 4,28% (Murthy and Varghese, 1996^), common carp 3.90% (Nose, 1979), 
Japanese eel 4.00% (NRC, 1993), chinook salmon 2.25% (Delong et al., 1962), 
channel catfish 2.00% (Wilson et al., 1978), rainbow trout 3.40% (Ogino, 1980), 
Mossambique tilapia 2.93% (Jauncey et al., 1983), chum salmon 3.00% (Akiyama et 
al., 1985^), coho salmon 2.00% (Arai and Ogata, 1993), Nile tilapia 3.75% (Santiago 
and Lovell, 1988), juvenile red drum 2.28% (Boren and Gatlin, 1995), juvenile 
hybrid striped bass 2.60% (Keembiyehetty & Gatlin, 1997), juvenile European sea 
bass 2.60% (Tibaldi and Tulli, 1999) and juvenile striped bass 2.45% (Small and 
Scares, 1999). The threonine requirement obtained for C. mrigala is, however, lower 
than the requirements reported for Indian major carp, catla 4.95% (Ravi and Devaraj, 
1991). 
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Carps do not have an acidic stomach and digestion proceeds in a neutral or 
slightly alkaline environment. The consumption of an acidic amino acid diet with a 
strong buffering capacity might disturb the normal assimilation of the ingested 
amino acids. Murai et al. (1981) suggested that carp fingerling fed a gelatin diet, 
supplemented with essential amino acids coated with casein, and casein-gelatin 
control diet produced faster growth than fish fed all crystalline amino acids in the 
diet, and also suggested that amino acid coating by casein alters the relative 
absorption rate of certain amino acids in the gut. Additional evidence in support of 
this hypothesis was obtained by Murai et al. (1982*'), who compared the change in 
the plasma free amino acids after feeding diets containing casein coated and 
uncoated amino acids. It was suggested that the poor utilization of crystalline amino 
acids by carps could be the result of rapid excretion, which reduced the utilization of 
these amino acids for growth (Murai et al. (1984^). Khan and Jafri (1993) pointed 
out that in comparison to an all crystalline amino acid diet, casein-gelatin coated diet 
indicated improved utilization of crystalline amino acids in L. rohita, presumably 
through increased retention in the gut. 
The threonine requirement varies from 2.00% of dietary protein to 5.00% of 
dietary protein (Wilson, 2002). The wide variations observed in the requirement 
levels for threonine among different fish species may be due to the differences in 
size, age, laboratory conditions, including feeding regime, feed allowance, water 
temperature, flow rate and stock density, as also to the use of various ingredients for 
basal diets such as casein, gelatin, zein, gluten, fish meal, soybean meal and 
crystalline amino acids in varying combinations as protein sources, and also due to 
the use of different response variables and statistical tests to establish requirements. 
Formulation of amino acid test diets from purified and practical ingredients deficient 
in test amino acid differs markedly with respect to their nutrient content, digestibility 
and amino acid profile and these may also alter the dietary amino acid requirement 
values (Simmons et al., 1999; De Silva et al., 2000). Dietary amino acid 
requirements are also reported to be influenced by feeding levels adopted (Baker, 
1984; Chiu et al., 1988). In the present study on C. mrigala, the feeding regime and 
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ration size were worked out in a preliminary feed trial for ensuring faster feed 
consumption and growth. Decreased growth rate in fish fed diets with higher levels 
of threonine may be due to a toxic effect (Choo et al., 1991) and stress caused by 
excess threonine in the body of fish, leading to extra energy expenditure towards 
deamination and excretion (Walton, 1985). Except for poor growth and low feed 
efficiency, no pathological symptoms were observed in C. mrigala fingerling fed 
threonine deficient diet. 
SUMMARY 
Indian major carp fingerling, Cirrhinus mrigala (3.85±0.75 cm, 0.52+0.2Ig), were 
fed isonitrogenous and isocaloric diets (40% crude protein, 17.90 kJ g ' , gross 
energy) containing casein, gelatin and crystalline amino acids with graded levels of 
L-threonine (1.00, 1.25, 1.50, 1.75, 2.00 and 2.25 glOOg', dry diet) to determine the 
dietary threonine requirement. The feeding trial was conducted in triplicate for 8 
weeks. Diets were fed twice a day at 08:00 and 16:00 hours at 5% body weight/day. 
The ration size and feeding schedule were worked out before the start of the feeding 
trial. Highest weight gain (304%) and best feed conversion ratio (1.43) were evident 
in fish fed diet containing 1.75% dietary threonine. Second-degree polynomial 
regression analysis of weight gain, feed conversion ratio and protein efficiency ratio 
data indicated the dietary threonine requirement to be at 1.84, 1.81 and 1.78 glOOg" 
of dry diet respectively, corresponding to 4,60, 4.52 and 4.45 glOOg' of dietary 
protein. Minimum carcass moisture, fat and maximum carcass protein were evident 
in fish fed 1.75% threonine level. However, ash content did not affect body 
composition except 1.00% threonine level, which showed a significantly higher ash 
content value. Based on the above results, it is recommended that the diet for C. 
mrigala sho\x\A contain threonine at 1.80 glOOg"' dry diet, corresponding to 4.50 
glOOg' dietary protein for optimum growth and efficient feed utilization. 
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Figure 1. Second-degree polynomial relationship of live 
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CHAPTER IV 
CHAPTER IV 
DIETARY TRYPTOPHAN REQUIREMENT OF FINGERLING 
INDIAN MAJOR CARP, CIRRHINUSMRIGALA{HMMUOli)* 
INTRODUCTION 
Feeding is an integral part of managed fish culture practices, where the focus is on 
maximum fish production with minimum cost. Study of nutritional requirements, 
information on digestibility coefficients for a wide range of ingredients, and data on 
the maximum inclusion level for key ingredients provide the basis for the use of 
least-cost programming to formulate diets (Cho and Kaushik, 1985; NRC, 1993). In 
fish culture operations, the highest cost is that of feed (De Silva, 1988). Protein is 
essential for growth and development as it provides the body with energy and is 
needed for the production of hormones, antibodies, enzymes and tissues. Dietary 
protein constitutes the primary nutrient cost of feed and is the source of nitrogen 
waste products in culture systems. Consequently, optimization of dietary protein 
levels along with increasing nutrient retention by the fish could reduce nitrogen 
loading and positively influence production costs (Thoman et al, 1999). The dietary 
requirement for protein is in fact a requirement for essential amino acids contained in 
dietary protein (Wilson, 2002). Of all the nutrients required by fish, the 
indispensable amino acids that make up protein are generally considered of utmost 
importance because of their direct influence on fish growth and diet cost (NRC, 
1993). The gross dietary protein requirement is influenced directly by the amino acid 
composition of the diet and the concept of balance or pattern of amino acids is basic 
to protein requirement (Tibbetts et al., 2000). 
Quantitative dietary amino acid requirements of all essential amino acids have 
been reported for several aquaculture species and reviewed under General 
Introduction section (page 10). 
'Published in 'Aquaculture Research' 234: 123-145 (2005) 
Amino acids are required by all fish species, and tryptophan is of particular 
concern. Tryptophan plays an important role in the brain as a precursor of the 
neurotransmitter serotonin, which has a major effect on the feeding behaviour of 
animals among its many functions (Blundell and Latham, 1978; Tackman et al., 
1990; Mullen and Martin, 1992). The dietary tryptophan requirement has been 
worked out for a limited number of cultured fish species such as sockeye salmon 
(Halver, 1965), rainbow trout (Poston and Rumsey 1983; Walton et al., 1984"; 
Walton et al., 1986; Kim et al., 1987), gilthead sea bream, Sparus aurata (Luquet 
and Sabaut, 1974; Kaushik, 1998), Indian major carp, rohu (Khan and Jafri, 1993; 
Murthy and Varghese, 1997*') and Afiican catfish, Clarias gariepinus (Fagbenro and 
Nwanna, 1999). 
The dietary protein requirement of Cirrhinus mrigala has been quantified and 
mentioned under General Introduction (page 8). No information is available on its 
tryptophan requirement. Hence, the present investigation was undertaken to 
determine the dietary tryptophan requirement of fingerling C. mrigala. 
MATERIALS AND METHODS 
Experimental diet 
Six isonitrogenous (40% crude protein (CP)) and isocaloric (17.90 kJg"' gross 
energy) diets (I-VI) with graded levels of tryptophan were formulated using casein 
(fat-free), gelatin and L-crystalline amino acid premix (Table I). The levels of L-
tryptophan were in increments of 0.10 glOOg"' dry diets. The quantity of tryptophan 
was increased at the expense of glycine, glutamic acid and aspartic acid so as to 
make the diets isonitrogenous. The levels of tryptophan in the test diets were fixed 
on the basis of information available on the other Indian major carps, C catla (Ravi 
and Devaraj, 1991) and L rohita (Khan and Jafri, 1993; Murthy and Varghese, 
1997*'). 
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Method of preparation of the experimental diets has been described under 
General Methodology section (page 11-12). Proximate composition of the diets and 
body carcass were estimated according to standard methods (page 14-17). 
Experimental design and feeding trial 
Source of fish, their acclimation, and details of general experimental design have 
been described under General Methodology section (page 11-13). 
C. mrigala fingerlings (4.25±0.30cm, 0.62±0.02 g) were randomly stocked in 
triplicate groups at the rate of 20 fish per tank for each dietary treatment level. Water 
temperature, pH, dissolved oxygen, free carbon dioxide and total alkalinity during 
the feeding trial, based on daily measurements were recorded following the standard 
methods (APHA, 1992), were 27-28.5 °C, 7.1-7.8, 6.6-7.8, 5.2-12.0 and 65-85 mg L" 
\ respectively. 
Chemical analysis 
The proximate composition of casein, gelatin, experimental diets, initial and final 
body composition was determined using standard AOAC (1995) methods as 
described under General Methodology section (page 14-17). 
Statistical analysis 
Statistical analysis of the data was performed as per methods given under General 
Methodology section (page 18). 
RESULTS 
Live weight gain, specific growth rate (SGR), FCR and PER of C. mrigala fed diets 
containing different levels of tryptophan are presented in Table 2. Maximum live 
weight gain was recorded in fish fed diet containing 0.36% of dietary tryptophan 
(diet IV). The overall growth of fish at this level of dietary tryptophan over the 8-
week feeding trial was 277%, which was significantly (P<0.05) higher than the 
45 
weight gain recorded for other dietary tryptophan levels except at 0.46% which was 
not significantly different to that fed 0.36% tryptophan diet. Specific growth rate also 
showed a similar trend. Significant differences were observed in FCR of fish fed 
diets with different levels of dietary tryptophan. Protein efficiency ratio of fish fed 
diet containing 0.36% tryptophan was found to be significantly (P<0.05) higher 
compared with those fed other dietary tryptophan levels. Fish fed diets containing 
tryptophan beyond 0.36% could not produce additional growth, whereas fish fed 
diets with lower tryptophan levels showed reduced weight gain and efficiency of 
feed utilization. On subjecting the live weight gain data to second-degree polynomial 
regression analysis, a maximum was evident at 0.42% of dietary tryptophan, 
corresponding to 1.05% of dietary protein (Fig. 1). The relationship described by the 
equation at 95% of the maximum slope being: 
Y= - 1547.375x^ + 1310.372x - 3.974 (r = 0.99; P<0.05) 
The FCR (Y) to dietary levels of tryptophan (X) relationship was best 
described using a second-degree polynomial regression analysis (Fig. 2). The 
relationship being; 
Y= 13.1607x^ - 10.2054X + 3.5217 (r = 0.993; P<0.05) 
The PER (Y) to dietary levels of tryptophan (X) relationship was best 
described using a second-degree polynomial regression analysis (Fig. 3). The 
relationship being; 
Y = - 7.3750x^+ 5.7039X - 0.4790 (r = 0.968; P<0.05) 
Based on the above polynomial equations, the maximum weight gain, best 
FCR and PER occurred at tryptophan levels of approximately 0.42%, 0.39% and 
0.38% of the dry diet respectively. 
Whole body composition (Table 3) of C. mrigala fed tryptophan test diets 
varied significantly (P<0.05) among various dietary groups. The moisture content 
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decreased significantly (P<0.05) with increasing levels of dietary tryptophan up to 
fish fed diet containing 0.36% tryptophan and thereafter significantly lower moisture 
was recorded. Protein content of fish fed diet containing 0.36% tryptophan was 
significantly (P<0.05) higher, followed by those receiving diet containing 0.46% and 
0.26% dietary tryptophan. Significantly (P<0.05) lower fat value was recorded in 
fish fed 0.36% tryptophan compared with that fed diet containing 0.26%, 0.46% and 
0.56% tryptophan. However, lowest fat values were obtained in fish fed diets with 
0.06% and 0.16% tryptophan. Ash content of fish receiving diets with different 
tryptophan levels were not significantly (P<0.05) different, except at 0.06% and 
0.16%, where significantly higher ash was noted. Fish fed diet containing 0.36% 
tryptophan also resulted in significantly (P<0.05) higher protein deposition compared 
with other dietary groups (Fig. 4). 
DISCUSSION 
Efforts to produce high quality protein for human consumption through aquaculture 
are being directed towards intensive fish production using formulated feeds. Any 
balanced formula for fish diets must include an energy source plus sufficient 
indispensable amino acids, essential fatty acids and specific vitamins and minerals to 
support life and promote growth (Halver, 1976). Supplementary diets should, 
therefore, contain indispensable amino acids at a level sufficient to meet the 
demands for maximum protein deposition. Teleost fish require the same 10 
indispensable amino acids as most terrestrial animals, excepting arginine which is as 
much essential as in terrestrial carnivores (Kaushik, 1998). Amino acids are 
precursors for many biological active compounds notably enzymes and are also 
substrates for energy production (Walton, 1985). 
Inclusion of an optimum amount of tryptophan is a prerequisite to the 
formulation of nutritionally adequate artificial diet for fish culture. The tryptophan 
requirement of different species varies between 0.50% and 1.00% of the protein 
(Wilson, 2002). The present finding indicates that 0.36% dietary tryptophan. 
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corresponding to 0.90% of the protein is optimum for maximum growth of fingerling 
C. mrigala. Best-feed efficiency at this level of dietary tryptophan is reflected by 
excellent values obtained for FCR, SGR and PER. Quadratic regression analysis of 
weight gain data indicated the dietary requirement to be at 0.42% of dry diet. 
However, quadratic regression analyses of FCR and PER data indicated the optimum 
requirement at 0.39% and 0.38% of the dry diet respectively. Based on the above 
results, the optimum dietary tryptophan requirement of C. mrigala is recommended 
at 0.38% tryptophan of the dry diet, corresponding to 0.95% of dietary protein. This 
value is similar to the requirement reported for catla 1.00% (Ravi and Devaraj, 1991) 
and Nile tilapia 1.00% (Santiago and Lovell, 1988), lower than the requirement 
reported for rohu 1.13% (Murthy and Varghese, 1997*'), rainbow trout 1.40% 
(Poston and Rumsey, 1983), Japanese eel 1.10% (Nose, 1979), African catfish 
1.10% (Fagbenro and Nwanna, 1999) and higher than the requirement reported for 
common carp, 0.80% (Nose, 1979), 0.60% (Ogino, 1980), chinook and sockeye 
salmon 0.50% (Halver, 1965), chum salmon 0.70% (NRC, 1993), coho salmon 
0.50% (Halver, 1965; Arai and Ogata, 1993), rohu 0.60% (Khan and Jafri, 1993), 
rainbow trout 0.60% (Kim et al., 1987); 0.40% (Walton et al., 1986), channel catfish 
0.50% (Wilson et al., 1978), milkfish 0.60% (Borlongan and Coloso, 1993), 
European sea bass 0.60% (Kaushik, 1998), and red sea bream 0.60% (Forster and 
Ogata, 1998) of the protein. 
The wide variations observed in the requirement level for tryptophan among 
fish species may be because of the differences in the methodologies used such as the 
nature of the dietary protein sources in the test diets, the reference protein, which 
dietary amino acid pattern is chosen and the culture conditions (Luzzana et al., 
1998). The variation may also be related to real species differences. Kim et al. 
(1992*") pointed out that large variation in the values for amino acid requirements 
may be because of differences in the composition of the basal diet used for different 
experiments. It has also been suggested that the wide variability and the reliability of 
tryptophan requirements of fish may be affected by fish size and age, feeding 
regime, feed allowance, adequate levels of other nutrients, water temperature, flow 
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rate, stock density, environmental as well as culture conditions adopted in different 
laboratories (Cowey and Luquet, 1983; Tacon and Cowey, 1985; Chiu et al., 1988). 
Digestibility, amino acid profile and energy content may also bring about variable 
effects in amino acid requirement studies (Simmons et al., 1999; De Silva et al., 
2000). Variations may also be attributed because of the true differences between 
phylogenetically distinct families or species (Akiyama et al., 1997). 
Significant differences in whole body composition were evident in C. mrigala 
fed diets containing various levels of tryptophan. Lower body protein was noted in 
fish fed diets containing low levels of tryptophan. Body protein content was 
maximum in fish fed diet with 0.36% tryptophan. Body fat increased significantly 
(P<0.05) in fish fed with different tryptophan concentrations except those fed 0.36% 
tryptophan diet where a significantly low fat content was noted. Poston and Rumsey 
(1983) reported that feeding graded levels of tryptophan caused increased deposition 
of fat. In the present study a similar trend was evident in body fat but trend of body 
protein obtained in present study did not show similar result. Higher body moisture 
and lower fat content was noted in diets containing lower levels of tryptophan. 
Sometimes amino acid deficiencies cause certain pathological deficiency 
symptoms (Walton, 1985). Tryptophan deficiency has been reported to cause 
morphological abnormalities, e.g., scoliosis and lordosis, in sockeye salmon (Halver, 
1957*'; Halver and Shanks, 1960) and rainbow trout (Shanks et al., 1962; Poston and 
Rumsey, 1983). Kloppel and Post (1975) noticed that tryptophan deficient rainbow 
trout suffered from scoliosis and histological examinations revealed calcium deposits 
in the kidney. These symptoms were not seen in tryptophan deficient catfish (Wilson 
et al., 1978). Except for poor growth and low feed efficiency, no gross pathological 
symptoms were observed in C. mrigala fingerling fed tryptophan deficient diet. No 
significant differences in weight gain were recorded in fish fed diet containing 
0.36% and 0.46% tryptophan. However, feeding fish diet with tryptophan beyond 
0.46% (diet V) resulted in a significant reduction in growth. Weight gain of the C. 
mrigala decreased when optimum tryptophan concentration was exceeded. The 
49 
reduction in the growth of mrigal fed higher concentration of tryptophan (diet VI) is 
puzzling and requires further study. Based on the quadratic regression analysis of 
FCR and PER data, and also the highest protein deposition value, an inclusion of 
0.38% dietary tryptophan, corresponding to 0.95% dietary protein, is recommended 
for optimum growth of fingerling C. mrigala. The data generated in the present study 
on the quantitative dietary tryptophan requirement of C. mrigala would be useful in 
developing tryptophan balanced practical diets for the intensive culture of this 
species. 
SUMMARY 
An 8-week feeding trial was conducted to evaluate the effects of dietary tryptophan 
concentration on weight gain and feed efficiencies of fingerling Indian major carp, 
Cirrhinus mrigala. Six isonitrogenous (40% crude protein) and isocaloric (17.90 kJg'*) 
amino acid test diets containing casein, gelatin and L-crystalline amino acids with 
graded levels of L-tiyptophan (0.06, 0.16, 0.26, 0.36, 0.46 and 0.56 glOOg' dry diet) 
were formulated. Fish (4.25±0.30 cm, 0.62+0.02 g) were randomly stocked in triplicate 
groups in 70 L (water volume 55 L) flow-through (1-1.5 Lmin"') indoor circular tanks 
and fed experimental diets at 5% of their body weight/day in two feedings at 08:00 and 
16:00 hours. Maximum live weight gain (277%), lowest feed conversion ratio (FCR) 
1.50 and highest protein efficiency ratio (PER) 1.66 were measured at 0.36% dietary 
tryptophan. The relationship between dietary tryptophan levels and weight gain, FCR 
and PER data were described using second-degree polynomial regression analysis 
indicating the tryptophan requirement at 0.42, 0.39 and 0.38 glOOg"' of dry diet 
respectively. Whole body moisture decreased with increasing tryptophan up to 0.36%. 
Significantly (P<0.05) higher protein content was evident in fish fed diet containing 
0.36% tryptophan. Body fat increased significantly (P<0.05) in fish fed with different 
tryptophan concentrations except those fed 0.36% tryptophan where a significantly 
lower fat content was noted. Significantly (P<0.05) higher ash content was reported at 
0.06% and 0.16% tryptophan levels. Survival was 100% in fish fed all the diets except 
those fed 0.06% tryptophan. Based on the results, diets for fingerling C. mrigala should 
contain tryptophan at 0.38 glOOg"' dry diet, corresponding to 0.95 glOOg'' dietary 
protein for optimum growth and efficient feed utilization. 
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CHAPTER V 
CHAPTER V 
DIETARY HISTIDINE REQUIREMENT OF FINGERLING INDIAN 
MMORCARP,CIRRHI/\/USMRIGALA (HAMILTON)* 
INTRODUCTION 
Growth rates of fish may be highly variable and, in many cases, appear to be limited 
by food availability (Ali and Jauncey, 2004). The use of natural food in intensive 
farming is rather small; its share is below 10% and when artificially fed, fish do not 
waste energy in looking for natural food which is not readily accessible (Szumiec, 
1976; Tacon, 1990). In fish culture operations, the highest recurring cost is that of 
feed (De Silva, 1988; Li et al, 2004). Hence, the development of nutritionally 
adequate, cost-effective diet for all stages of cultured fish species is of great 
importance to the commercial success of aquaculture. Therefore, considerable 
emphasis in aquaculture is directed towards the development of such diets. A 
consistent intake of protein or amino acids is required, as they are continually used 
by the fish to build new proteins, peptides, free amino acids, enzymes, hormones, 
neurotransmitters, cofactors and provides energy. Inadequate protein level in the diet 
results in the reduction of growth and specific deficiency symptom. Fish do not have 
a true protein requirement but require a well-balanced mixture of essential and non-
essential amino acids in the diet for growth and maintenance (Wilson and Halver, 
1986). The gross dietary protein requirement is directly influenced by the amino acid 
composition of the diet and the concept of balance or pattern of amino acid is a basic 
to protein requirement (Keembiyehetty and Gatlin, 1992; Tibbetts et al., 2000). 
Dietary proteins are the source of essential amino acids and provide nitrogen 
for the synthesis of non-essential amino acids. Information on the amino acid 
requirements of an animal provides a basic to evaluate the nutritional value of 
protein sources for formulating feeds for an animal (Mai et al., 1995). To ensure 
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maximum growth in terms of protein accretion and economic return, amino acid 
requirements of fish must be known. 
Histidine is an indispensable amino acid involved in many metabolic 
functions including the production of histamines which arise from controlled and 
uncontrolled pathways and take part in allergic and inflammatory reactions. Being an 
essential amino acid it presumably is important for tissue formation and repair. 
Histidine plays a very important role for maintaining the osmoregulation process in 
fishes and also a role related to energy production or for use in other metabolic 
pathways during certain emergencies or harsh conditions (Abe and Ohmama, 1987). 
Dietary histidine requirements have been worked out in a number of fish species; 
including chinook salmon, Oncorhynchus tshawystscha (Chance et al., 1964), 
Mossambique tilapia, Oreochromis mossambicus (Jauncey et al., 1983), chum 
salmon, Oncorhynchus keta (Akiyama and Arai, 1985 )^ rohu, Labeo rohita (Murthy 
and Varghese, 1995; Abidi and Khan, 2004*), Japanese flounder, Paralichthys 
olivaceus and red sea bream Pagrus major (Forster and Ogata, 1998), European sea 
bass, Dicentrarchus labrax, gilthead seabream, Sparus aurata and Turbot, Psetta 
maxima (Kaushik, 1998) and Atlantic salmon, Salmo salar (Scott et al., 1996; 
Rollin, 1999). 
Although the dietary protein requirement of Cirrhinus mrigala has been 
quantified and mentioned under General Introduction (page 8), no information is 
available on its histidine requirement. The present investigation was undertaken to 
determine the dietary histidine requirement of fingerling C. mrigala. 
MATERIALS AND METHODS 
Experimental diet 
Six isonitrogenous (40% crude protein, CP) and isoenergetic (17.90 kJ g" gross 
energy) amino acid test diets were formulated using casein (fat-free), gelatin and L-
crystalline amino acids with graded levels of histidine (Table 1). The levels of L-
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histidine in increments of 0.25 glOOg' ranged from 0.25g to 1.5 glOOg"' of the diet. 
To make the diets isonitrogenous, histidine was quantitatively increased at the 
expense of glycine, glutamic acid and aspartic acid (2:1:1). oc-Cellulose was used to 
make the diets isoenergetic. 
Method of preparation of the experimental diets has been described under 
General Methodology section (page 11-12). Proximate composition of the diets and 
body carcass were estimated according to standard methods (page 14-17). 
Experimental design and feeding trial 
Source of fish, their acclimation, and details of general experimental design have 
been described under General Methodology section (page 11-13). 
C. mrigala fingerlings (4.22±0.45 cm, 0.61 ±0.08 g) were randomly stocked, 
in triplicate at the rate of 20 fish per trough for each dietary treatment level. The 
average water temperature, pH, dissolved oxygen, free carbon dioxide and total 
alkalinity, estimated using standard methods (APHA, 1992), over the 8-week feeding 
o 
trial, based on daily measurements, were 26.5-28.5 C, 7.1-7.8, 6.7-7.9, 8-12, 68-76 
mg L"', respectively. 
Chemical analysis 
Proximate composition of casein, gelatin, experimental diets and carcass 
composition of C. mrigala was estimated with standard AOAC (1995) techniques as 
described elsewhere (page 14-17). 
Statistical analysis 
Statistical analysis of the data was performed as per the methods given under 
General Methodology section (page 18). 
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RESULTS 
Growth performance of fingerling C. mrigala fed diets containing graded levels of 
histidine over the 8-week feeding trial is presented in Table 2. Significant differences 
were observed in live weight gain, FCR, specific growth rate (SGR%) and PER. Fish 
receiving diet with 0.75% histidine produced a maximum live weight gain which is 
significantly (P<0.05) higher compared with the other dietary groups. The overall 
live weight gain at this level of dietary histidine was 295%. Specific growth rate 
(2.45%) also showed similar trend. Differences in FCRs were evident in fish fed 
different levels of dietary histidine which ranged fi-om 1.48 to 2.68, with the best 
FCR in fish fed at 0.75% dietary histidine. PERs were significantly (P<0.05) affected 
by the dietary histidine levels. PER of the fish fed diet containing 0.75% histidine 
(1.69) was found to be significantly (P<0.05) higher than those fed other dietary 
levels. 
In the light of above findings, it is evident that fish fed higher than 0.75% 
dietary histidine could not produce additional growth whereas fish fed lower and 
higher concentrations of dietary histidine showed reduced weight gain and efficiency 
of feed utilization. However, on subjecting the live weight gain data and dietary 
histidine levels to second-degree polynomial regression analysis, a break-point was 
evident at 0.94% of dietary histidine corresponding to 2.35% of dietary protein 
(Fig. 1). The relationship was described by the equation; 
Y= - 307.4429x^ + 583.0147x - 11.6690 (r = 0.978; P<0.05) 
The FCR (Y) to dietary levels of histidine (X) relationship was precisely 
described by a second-degree polynomial regression analysis (Fig.2). The 
relationship being; 
Y= 2.5429x^ - 4.41 OOx + 3.4800 (r = 0.930; P<0.05) 
Similarly, the PER (Y) to dietary levels of histidine (X) relationship was best 
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^\cc. No ^ j 
described by a second-degree polynomial regression 4^ aly§^ is (Fig. 3). The /^ 
relationship being; ' "^~-
Y = - 1.5343x^+ 2.6107x - 0.4550 (r = 0.909; P<0.05) 
Based on the above figures, the best FCR and PER occurred at histidine levels 
of 0.86% and 0.85% of the dry diet, respectively. 
Marked differences were observed in the whole body composition of fish fed 
different levels of dietary histidine (Table 3). Moisture content of the fish decreased 
significantly (P<0.05) with increasing histidine levels upto 0.75% and thereafter an 
increase in moisture was noted. Protein content of fish receiving diet containing 
0.75% histidine was found to be significantly (P<0.05) higher, followed by those 
receiving diet containing 1.00% and 0.50%) histidine of the dry diet. The lowest body 
protein was noted in fish fed 0.25% dietary histidine. Whole body fat increased 
gradually with the increase of dietary histidine levels and was significantly (P<0.05) 
higher in fish fed diets with 1.25% and 1.50% hisfidine compared with all other 
dietary groups. However, body fat remained insignificantly (P>0.05) different at 
0.75% and 1.00%) histidine levels where the body fat exhibited intermediate values. 
Body ash content did not differ among the treatments, excepting at 0.25%) and 0.50% 
dietary histidine levels where a significantly (P<0.05) higher ash content was noted. 
Whole body protein deposition was found to be significantly higher at 0.75% dietary 
histidine (Fig. 4) followed by those receiving diets containing 1.00% and 0.50% 
histidine. 
DISCUSSION 
Dietary formulations that meet, but do not exceed, the essential amino acid 
requirements for fish are also important for the sustainability of aquaculture (Twibell 
et al., 2003). Excess levels of essential amino acid in diets results in higher levels of 
arrmionia-N excretion (Yang et al., 2002), which is eventually discharged from 
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aquaculture production systems. Dietary manipulations that minimize ammonia 
excretion will be important for the sustainability of aquaculture. 
As all fish species studied so far require the same 10 indispensable amino 
acids in their diets for maximum growth (Wilson, 1985), information on the 
inclusion of an optimum amount of histidine is a prerequisite to the formulation of 
nutritionally adequate artificial diet for the culture of this fish under study. Dietary 
histidine requirement was estimated by fixing the levels of histidine in the amino 
acid test diet on the basis of information available for the other Indian major carps, 
C catla (Ravi and Devaraj, 1991) and L. rohita (Murthy and Varghese, 1995). The 
present finding indicates that 0.75% dietary histidine is optimum for maximum 
growth of fingerling C. mrigala. Excellent feed efficiency at this level compared 
with the other dietary histidine levels is reflected by values obtained for best FCR, 
weight gain, specific growth rate and PER. Fish fed 0.75% of dietary histidine 
synthesized maximum body protein and inclusion of histidine at higher levels than 
0.75% of the diet did not improve body protein content. This may be because of 
disproportionate amount of one amino acid affecting the utilization of the other 
amino acids (Murthy and Varghese, 1995; Coloso et al., 1999) or chelating effects of 
histidine influencing metals metabolism (Snedeker and Greger, 1983). The decreased 
growth of C. mrigala fed diet containing histidine higher than the requirement level 
may be attributed to the toxic effect (Choo et ai, 1991) and stress caused by excess 
amount of amino acid in the body of the fish leading to extra energy expenditure 
towards deamination and excretion of the same (Walton, 1985). Similar growth 
depressing effect of feeding higher amounts of histidine than optimum was also 
evident in other Indian major carp, C. catla (Ravi and Devaraj, 1991) and rohu 
(Murthy and Varghese, 1995). Quadratic regression analysis of weight gain data 
indicated the dietary histidine requirement to be at 0.94% of dry diet (Fig. 1). 
However, quadratic regression analyses of FCR and PER data indicated the optimum 
requirement at 0.86% and 0.85% of the dry diet respectively. Based on the above 
results, the optimum dietary histidine requirement of C. mrigala is recommended at 
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0.85 glOOg"' histidine of the dry diet, corresponding to 2.13 glOOg"' of dietary 
protein. Although substantial amount of crystalline amino acids were used in 
determining the histidine requirement of C mrigala, these were very well utilized 
because of their coating with casein and gelatin as is evident from the faster growth 
of the fish at the above-recommended level. Murai et al. (1981) suggested that carp 
fingerling fed a gelatin diet, supplemented with essential amino acids coated with 
casein, and casein-gelatin control diet produced faster growth than fish fed all 
crystalline amino acids in the diet, and also suggested that amino acid coating by 
casein alters the relative absorption rate of certain amino acids in the gut. In 
comparison with all crystalline amino acid diet, casein-gelatin-coated diet indicated 
improved ufilization of crystalline amino acid in L. rohita (Khan and Jafri, 1993), 
and in the present study on C. mrigala, presumably through increased retention in 
the gut. The histidine requirement varies fi-om 1.30% to 2.50% of dietary protein 
among species and with in the species (NRC, 1993; De Silva and Anderson, 1995; 
Wilson, 2002). The hisfidine requirement of C. mrigala at 2.13% of dietary protein is 
very close to the requirement reported for common carp, Cyprinus carpio 2.10% 
(Nose 1979), milkfish, Chanos chanos 2.10% (Borlongan and Coloso, 1993), 
Japanese eel, Anguilla Japonica 2.10% (NRC, 1993), and is lower than the 
requirement reported for other Indian major carps, catla 2.50% (Ravi and Devaraj, 
1991); rohu 2.25% (Murthy and Varghese, 1995) and higher than the requirement 
reported for channel catfish, Ictalurus punctatus 1.50% (Wilson et al, 1980), 
Chinook salmon and coho salmon, O. kisutch 1.80%) (Klein and Halver, 1970), chum 
salmon, O. keta 1.60% (Akiyama et al, 1985^), rainbow trout, O. mykiss 1.60%) 
(Ogino, 1980), European sea bass 1.60%; gilthead sea bream 1.70%; turbot 1.50% 
(Kaushik, 1998), Japanese flounder 1.30%; red sea bream 1.40% (Forster and 
Ogata, 1998) and Atlantic salmon 1.80% (RoUin, 1999). 
The above variations observed in the histidine requirement among different 
fish species including the fish under study may be because of the differences in the 
methodologies used such as nature of the test diet using different dietary protein 
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sources like casein, gelatin, zein, glutin, fish meal, soybean meal, crystalline amino 
acids in various combinations; culture conditions adopted in different laboratories 
including feeding regime, feed allowance, flow rate, fish size and stocking density 
(Tacon and Cowey, 1985; Kim et al, 1992** and Luzzana et ai, 1998). Baker (1984) 
reported that feeding regime is one of the important factors that bring the variation in 
requirement study. Digestibility, amino acid profile and energy content may also 
bring about variable effects in amino acid requirement studies (Simmons et al., 1999; 
De Silva et al., 2000). Variation may also be attributed to true differences between 
phylogenetically distinct families or species (Akiyama et al, 1997). Changes in 
water temperature have been reported to alter the requirement (Wilson, 2002). 
Statistical methods like broken-line, quadratic regression, least square and enzyme 
kinetic analysis, etc. also produce differences in requirement study. Baker (1986) 
reported that the model used to analyse the dose-response relationship also 
influenced the estimate of requirements, with the broken-line model generally gives 
lower estimates of requirements than nonlinear. For this reason, a nonlinear model, 
which more accurately describes the complex physiological response of living 
organisms and allows for prudent decision pertaining to cost of nutrients (Pack et al., 
1995) was chosen to analyse the data in this study. 
Except for poor growth and low feed efficiency, no pathological symptoms 
such as cataract (Breck et al., 2003), increased mortality and incidence of lordosis 
(Mazid et al., 1978) related to histidine deficient diets were observed in the present 
study. Based on the quadratic regression analysis of FCR and PER data, an inclusion 
of 0.85 glOOg"' dietary histidine, corresponding to 2.13 glOOg'' of dietary protein, is 
recommended for optimum growth of fingerling C. mrigala. The data generated in 
the present study on the quantitative dietary histidine requirement of C. mrigala 
would be useful in developing histidine balanced practical diets for the intensive 
culture of this species. 
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SUMMARY 
An 8-week growth trial was conducted to determine the dietary histidine requirement 
of the Indian major carp, Cirrhinus mrigala fmgerling (4.22±0.45 cm, 0.61±0.08g). 
Isonitrogenous (40% crude protein) and isoenergetic (17.90 kJ g"' gross energy) diets 
with graded levels of L-histidine (0.25, 0.50, 0.75, 1.00, 1.25 and 1.50 glOOg' dry 
diet) were formulated using casein and gelatin as a source of intact protein, 
supplemented with L-crystalline amino acids. Twenty fish were randomly stocked in 
70-L indoor polyvinyl circular fish tank (water volume 55-L, water exchange rate 1-
1.5 Lmin"') and fed experimental diets at the rate of 5% of their body weight/day 
divided over two feedings at 08:00 and 16:00 h. Maximum live weight gain (295%), 
best feed conversion ratio (FCR) (1.48) and protein efficiency ratio (PER) (1.69) 
occurred at 0.75% of dietary histidine level. When live weight gain, FCR and PER 
data were analysed using second-degree polynomial regression, the break points 
indicated histidine requirements at 0.94, 0.86 and 0.85 glOOg"' of dry diet 
respectively. Significantly (P<0.05) higher whole body protein and low moisture 
values were recorded at 0.75% histidine level. Body fat increased significantly 
(P<0.05) with increasing histidine levels. However, at 0.75% and 1.00% histidine 
diets body fat did not differ (P>0.05) to each other. Ash content of fish fed diets 
containing various levels of histidine did not differ except at 0.25 and 0.50% 
inclusion levels where significantly (P<0.05) higher ash was recorded. Protein 
deposition was also found to be significantly (P<0.05) higher in the 0.75% histidine 
diet. Based on the polynomial regression analysis of FCR and PER data, it is 
recommended that the diet for fingerling C. mrigala should contain histidine at 0.85 ' 
glOOg"' of dry diet, corresponding to 2.13 glOOg"' of dietary protein for optimum 
growth and efficient utilization of feed. 
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CHAPTER VI 
CHAPTER VI 
DIETARY TOTAL AROMATIC AMINO ACID REQUIREMENT AND 
TYROSINE REPLACEMENT VALUE FOR PHENYLALANINE IN 
INDIAN MAJOR CARP, CIRRHINUS MRIGALA (HAMILTON) 
FINGERLING 
INTRODUCTION 
Successful fish culture depends upon the provision of diets containing adequate 
levels of energy and an appropriate balance of nutrients to permit the most efficient 
growth and to maintain the health of the animal under given circumstances (Cho and 
Bureau, 1995). Formulations of feeds are essential for economic use of time, space 
and aquaculture facilities. In fish culture operations, the highest recurring cost is that 
of feed (De Silva, 1988). The development of nutritionally adequate, cost-effective 
diets for all cultured fish species is of great importance to the commercial success of 
aquaculture, thus considerable emphasis in aquaculture is directed towards the 
development of artificial or synthetic diets to replace live or fresh foods that are 
traditionally used in culture operations. 
Intensive and semi-intensive fish culture implies stocking to impoundments at 
densities of up to two or more fish per m^ surface of quiet water (as in ponds and 
tanks), and up to 100-200/m^ (in circulating water in tanks and pools) (Hastings, 
1979). In most animal diets, protein is the most expensive component and usually the 
first nutrient that is computed in diet formulation. Protein levels in successful culture 
food range from 20 to 60% to accommodate for differences in the physiological 
needs of different fishes. It is essential for growth and development, as it provides 
the body with energy needed for the manufacture of hormones, antibodies, enzymes, 
and tissues and is influenced by the amino acid composition of the diet. Since protein 
is one of the most expensive component of diets, defining the quantitative essential 
amino acid requirements (EAA) of cultured fish species is of great importance. The 
basic principle of amino acid nutrition is the constant relationship of the amino acid 
requirement with protein intake upto the level required for maximum growth (NRC, 
1983). 
All animals, particularly in advanced stages in life, are known to require the 
same 10 essential amino acids (EEA) in their diet for maximum growth and health 
(Wilson, 1985; Wilson and Halver, 1986; Wilson, 2002). Among fish species, 
however, the requirements for individual amino acid vary, often significantly 
(Wilson, 1991). The requirements for all ten indispensable amino acids have been 
established only for nine cultured fish species and reviewed under General 
Introduction (page 10). 
Phenylalanine is essential amino acid and performs many functions in the 
body. It can directly affect the brain chemistry by crossing the blood-brain barrier 
and is also used to produce norepinephrine, a chemical that transmits signals 
between nerve cells and brain. Phenylalanine is a precursor of tyrosine, which in turn 
is a precursor of epinephrine and norepinephrine (Borlongan, 1992), thyroid 
hormone, triodothyroxine and thyroxine. Tyrosine synthesis requires phenylalanine, 
thus if phenylalanine is present in the diet at low or below minimal requirement 
levels, tyrosine can become essential. Since the requirement for phenylalanine 
depends on the amount of tyrosine in the diet, the total aromatic amino acid 
requirement is taken into consideration in meeting the amino acid needs. 
Dietary aromatic amino acid requirement have been worked out in a number 
of fish species such as chinook salmon (Chance et al., 1964), channel catfish 
(Robinson et al., 1980^), Mossambique tilapia, Oreochromis mossambicus (Jauncey 
et al., 1983), rainbow trout, Oncorhynchus mykiss (Kim, 1993), red sea bream, 
Pagrus major, Japanese flounder, Paralichthys olivaceus (Forster and Ogata, 1998), 
turbot, Psetta maxima, European sea bass, Dicentrarchus labrax and gilthead sea 
bream, Sparus aurata (Kaushik, 1998), rohu, Labeo rohita (Murthy and Varghese, 
1996*'), juvenile silver perch (Ngamsnae et al, 1999) and Atlantic salmon, Salmo 
M/ar(RoUen, 1999). 
61 
To successfully develop and manage the production of this fish, it is 
important to quantify the nutrient requirement of C. mrigala for its intensive and 
semi-intensive culture. Although the dietary protein requirement of Indian major 
carp, C. mrigala has been worked out in the past and mentioned under General 
Introduction (page 8), no information is available on its total aromatic amino acid 
requirement. Hence, the present investigation was undertaken to determine the 
dietary total aromatic amino acid (phenylalanine+tyrosine) requirement of fingerling 
C. mrigala. 
MATERIALS AND METHODS 
Experimental diet 
Six isonitrogenous (40% CP) and isocaloric (17.90 kJ g~', GE, dry diet) amino acid 
test diets were formulated using casein (fat-free), gelatin and L-crystalline amino 
acids with graded levels of phenylalanine (0.50, 0.75, 1.00, 1.25, 1.50, and 1.75 
glOOg"', dry diet) with 1.0% tyrosine fixed in all the diets (Table 1) in experiment 1 
and tyrosine (0.21, 0.40, 0.60, 0.80, 1.00 and 1.20 glOOg"') with 1.30% 
phenylalanine fixed in all the diets (Table 2) in experiment 2. The levels of L-
phenylalanine were in increments of 0.25 glOOg"' with 1% tyrosine fixed in all the 
diets in experiment 1 and for tyrosine 0.25 glOOg"' with 1.30% phenylalanine fixed 
in all the diets in experiment 2. To make the diets isonitrogenous, phenylalanine and 
tyrosine were quantitatively increased at the expense of glycine, glutamic acid and 
aspartic acid (2:1:1). oc-Cellulose was used to make the diets isoenergetic. The 
levels of phenylalanine in the amino acid test diets were fixed on the basis of 
information available for the other Indian major carps, C. catla (Ravi and Devaraj, 
1991) and L. rohita (Murthy and Varghese, 1996*') in experiment 1 while experiment 
2 was designed on the basis of the results of the first experiment. 
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Method of preparation of the experimental diets has been described under 
General Methodology section (page 11-12). Proximate composition of the diets and 
body carcass were estimated according to standard methods (page 14-17). 
Experimental design and feeding trial 
Source of fish, their acclimation, and details of general experimental design have 
been described under General Methodology section (page 11-13). 
C. mrigala fingerlings (4.10±0.04 cm, 0.57±0.08g) in experiment 1 and 
(4.25±0.06cm, 0.62±0.09 g) in experiment 2 were randomly stocked, in triplicate 
groups of 20 fish each, in 70-L polyvinyl indoor circular troughs (water volume 55-
L), supplied with ground water (1-1.5 Lmin') for each dietary treatment level. The 
average water temperature, pH, dissolved oxygen, free carbon dioxide, total 
alkalinity, estimated using standard methods (APHA, 1992), over the 8-week feeding 
o 
trial, based on daily measurements, were 26.2+1.7 C, 7.1±1.0, 6.8±1.0, 9.1±1.8, 
62.8±2.6 mg L'\ respectively. 
Growth parameters and feed utilization efficiencies were measured using 
standard definition have been given elsewhere (page 17-18). 
Chemical analysis 
Proximate composition of casein, gelatin, experimental diets and carcass 
composition of C mrigala was estimated with standard AOAC (1995) techniques as 
given elsewhere (page 14-17). Gross energy content was determined on a 
Gallenkamp ballistic bomb calorimeter (page 17). Amino acid analysis of casein, 
gelatin and experimental diets was performed as per method given under General 
Methodology section (page 16). 
Statistical analysis 
Statistical analysis of the data was performed as per methods given under General 
Methodology section (page 18). 
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RESULTS 
In experiment 1, live weight gain %, specific growth rate (SGR), feed conversion 
ratio (FCR) and protein efficiency ratio (PER) data of C. mrigala fed diets 
containing different levels of phenylalanine with 1 % tyrosine fixed in all the test 
diets is presented in Table 3. Maximum live weight gain was recorded in fish fed diet 
containing 1.25% dietary phenylalanine (Diet IV). The overall growth offish at the 
above level of dietary phenylalanine over 8-week feeding trial was 287%. SGR 
(2.42%) was significantly (P<0.05) higher in fish fed diet containing 1.25% 
phenylalanine compared to the other dietary levels excepting at 1.50% where it was 
not different. Significant differences in FCR were also recorded in fish fed different 
levels of phenylalanine which ranged between 1.44 and 2.91, with the best FCR in 
fish fed 1.25% dietary phenylalanine. PER was also found to be significantly 
(P<0.05) higher in fish receiving diet containing 1.25% phenylalanine than those fed 
other dietary levels. Fish fed diet beyond 1.25% phenylalanine could not produce 
additional growth whereas fish fed diets with lower levels of phenylalanine showed 
reduced weight gain and efficiency of feed utilization. However, on subjecting the 
data on live weight gain and dietary levels of phenylalanine to second-degree 
polynomial regression analysis, a break-point was evident at 1.35% of dietary 
phenylalanine, corresponding to 3.25 % of dietary protein (Fig. 1). The relationship 
described by the equation at 95% of the maximum slope was: 
Y= - 239.0429x^ + 646.2064x - 158.9164 (r = 0.990; P<0.05) 
The FCR (Y) to dietary phenylalanine levels (X) relationship was best 
described by second-degree polynomial regression analysis and the mathematical 
relationship was: 
Y= 1.9743x^ - 5.1210X + 4.8659 (r = 0.988; P<0.05) 
Similarly the PER (Y) to dietary phenylalanine (X) relationship was best 
described by second-degree polynomial regression analysis. The relationship being: 
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Y= - 1.2514x^ + 3.1883X - 0. 4449 (r = 0.941; P<0.05) 
Based on the above polynomial equations, the best FCR and PER occurred at 
phenylalanine levels of 1.29 and 1.27% of the dry diet with 1% tyrosine. 
Carcass composition of C. mrigala fed various levels of dietary phenylalanine 
with 1% tyrosine fixed in all the test diets is illustrated in Table 4. Significantly 
(P<0.05) low moisture content was evident with fish fed 1.25% dietary 
phenylalanine level compared to that fed other dietary groups. Fat content offish fed 
different levels of phenylalanine was found to increase significantly with increasing 
dietary phenylalanine levels and showed maximum quantity of fat at 1.75% dietary 
phenylalanine (Diet VI). Significantly (P<0.05) higher carcass protein was noted at 
1.25% phenylalanine. Lower ash values (P<0.05) were recorded in fish fed higher 
level of dietary phenylalanine (1.00, 1.25, 1.50 and 1.75%). However, at still lower 
levels (0.50% and 0.75%) of phenylalanine significantly higher ash content were 
evident. Carcass protein deposition was also found to be significantly higher in fish 
fed 1.25% dietaiy phenylalanine compared to the other dietary groups (Fig. 4). 
In experiment 2, varying levels of dietary tyrosine significantly affected 
weight gain, FCR, SGR and PER (Table 5). Live weight gain (315%) of fish fed 
0.80% tyrosine was found to be significantly (P<0.05) higher than in fish fed other 
dietary levels. Best FCR (1.47) and highest SGR (2.54%) were noted in fish fed 
0.80% tyrosine with 1,30% phenylalanine. Similarly, PER was also found to be 
significantly (P<0.05) higher in fish fed diet containing 0.80% followed by 1.00% 
and 0.60% dietary tyrosine. However, on subjecting the live weight gain data to 
quadratic regression analysis, a break-point was evident at 0.90% of dietary tyrosine 
(Fig. 5), corresponding to 2.25% of dietary protein. The relationship between weight 
gain and dietary tyrosine levels was described by the equation: 
Y = - 385. 025Ix^ + 691.6947x - 4.2374 (r = 0.994; P<0.05) 
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The FCR (Y) to dietary tyrosine levels (X) relationship was described by 
second-degree polynomial regression analysis and the mathematical equation was: 
Y - 3. 6374x^ - 6.1140X + 4.1724 (r = 0.979; P<0.05) 
Similarly, the PER (Y) to dietary tyrosine levels (X) relationship was also 
described by second-degree polynomial regression analysis and the mathematical 
equation was: 
Y - - 2.0836x^ + 3.4312X - 0.1179 (r = 0.922; P<0.05) 
On the basis of the above polynomial equations, maximum live weight gain, 
the best FCR and PER occurred at tyrosine levels of 0.90%, 0.84% and 0.82% of dry 
diet with 1.30% phenylalanine. 
Carcass composition (Table 6) of C. mrigala fed varying levels of dietary 
tyrosine varied significantly (P<0.05). Fish fed 0.80% dietary tyrosine produced 
significantly (P<0.05) higher protein content followed by those fed 1.00% and 0.60% 
tyrosine. Moisture content decreased significantly (P<0.05) with the increasing 
dietary tyrosine concentration up to 0.80% and thereafter, ftirther increase in 
moisture was noted. Body fat increased significantly (P<0.05) with the increasing 
tyrosine levels upto 0.80%, beyond that no significant (P>0.05) difference was 
evident. Excepting at 0.21% tyrosine level, body ash remained insignificantly 
(P>0.05) different to each other. However, 0.21% tyrosine level produced 
significantly higher ash content. Carcass protein deposition content was also found to 
be significantly higher at 0.80% dietary tyrosine (Fig. 8). 
DISCUSSION 
The ultimate aim of feeding in fish farming is to achieve maximum protein 
deposition with minimum input on feed and with maximum cost. The quality and 
quantity of dietary protein extensively influence growth rate (Wilson, 1985; Wilson 
and Halver, 1986) and thus protein deposition. The nutrients required by fish for 
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growth, reproduction, and other normal physiological functions are similar to those 
of land animals (Lovell, 1989). Among all the nutrients required by fish, the 
indispensable amino acids that make up the protein quality is of extreme importance. 
Phenylalanine is an essential amino acid and plays an important role in development 
of fish brain chemistry and other metabolic functions in the body. It is a precursor to 
an other amino acid tyrosine that can be converted by neurons in the brain to 
dopamine and norepinephrine hormones which are depleted by stress. Its inclusion in 
optimum amount alongwith tyrosine is a pre-requisite to the development of total 
aromatic balanced and cost effective artifical diets for fish culture. The present 
finding indicates that 1.25% dietary phenylalanine in the presence of 1% tyrosine, is 
optimum for growth of C. mrigala. This level of dietary phenylalanine also 
supported the best weight gain, specific growth rate, and protein efficiency ratio. 
Quadratic regression analysis of growth data indicated the dietary phenylalanine 
requirement to be at 1.35% of dry diet. However, the quadratic regression analysis of 
FCR and PER data indicated the optimum phenylalanine requirement at 1.29 and 
1.27% of dry diet, respectively, with 1% tyrosine fixed. Based on the above results, 
the optimum dietary phenylalanine requirement of C. mrigala is recommended at 
1.30 glOOg' of dry diet, corresponding to 3.75 glOOg' of dietary protein with 1% 
tyrosine. Carcass composition of fish fed diet with different concentrations of 
phenylalanine varied significantly. Minimum moisture and higher carcass protein 
content were evident in fish fed at 1.25% dietary phenylalanine. Carcass fat 
gradually increased with increasing dietary phenylalanine and significantly (P<0.05) 
higher fat was noted at 1.75% dietary phenylalanine (Diet VI). Significantly higher 
ash content was noted at 0.50 and 0.75% dietary phenylalanine. However, no 
significant differences in ash content were evident among the other dietary groups. 
Tyrosine in fish is reported to be dispensable for growth (Nose et al., 1974). 
However, the deficiency of tyrosine caused severe depression of growth even if diet 
contained higher amount of phenylalanine (Nose, 1979). Since, tyrosine is a 
precursor to thyroxine, a primary thyroid hormone, as well as adrenaline and nor-
adrenaline. Tyrosine has been found to increase metabolic rate and control growth 
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rate. It also appears to have a mild stimulatory effect on the central nervous system 
like production of neurotransmitters, including L-dopa, dopamine, nor epinephrine 
and epinephrine. The tyrosine requirement was estimated in the present study using 
live weight gain data to be 0.80% of dry diet corresponding to 2.00% of dietary 
protein with 1.30% phenylalanine fixed. However, when live weight gain, FCR and 
PER data were subjected to quadratic regression analysis, it was indicated that the 
break-points to be at 0.90%, 0.84% and 0.82% of dry diet, respectively. Significant 
differences were also noted in a carcass composition of fish fed different levels of 
dietary tyrosine. Minimum moisture and higher protein content was recorded at 
0.80% dietary tyrosine. Carcass fat gradually increased with the increasing dietary 
tyrosine concentration upto 0.80% and thereafter, further increasing concentration 
had not produced any difference. Carcass ash content did not show any significant 
difference among each other, excepting at 0.21% tyrosine level where maximum ash 
content recorded. Based on the regression analysis of live weight gain, FCR and PER 
data, 0.85 glOOg'' tyrosine corresponding to 2.13 glOOg'' dietary protein is taken as 
the optimum level of this fish. Thus the replacement value of tyrosine for 
phenylalanine in the present study for C mrigala was estimated to be 39.5% on a 
weight basis or 36% on a molar basis is similar to the value reported for Nile tilapia 
40% (Santiago and Lovell, 1988) and is lower than the value reported for common 
carp 60% (Nose, 1979) on a weight basis, channel catfish 50% (Robinson et ai, 
1980*) on a molar basis, rainbow trout 53% and 48% (Kim, 1993) on a weight and 
molar basis, respectively, milkfish 46% (Borlongan, 1992) on a weight basis. 
Fish have a total aromatic amino acid requirement rather than a specific 
phenylalanine requirement. The presence of dispensable amino acid tyrosine in the 
diet represents a sparing effect in that it reduces the need for phenylalanine. An 
adequate amount of dietary tyrosine spares phenylalanine fi-om tyrosine synthesis. 
Thus, the requirement for total aromatic amino acid can be met by either 
phenylalanine alone or the proper portion of phenylalanine and tyrosine. Total 
aromatic amino acid requirements vary from 5.00% to 6.50% of dietary protein (De 
Silva and Anderson, 1995; Wilson, 2002). Total aromatic amino acid requirement 
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(phenylalanine+tyrosine) of C. mrigala estimated to be 2.15% of dry diet, 
corresponding to 5.38% of dietary protein is lower than the requirement reported for 
common carp 6.50% (Nose, 1979), Nile tilapia 5.50% (Santiago and Lovell, 1988), 
Indian major carp, catla 6.20% (Ravi and Devaraj, 1991), chum salmon 6.30% 
(Akiyama and Arai, 1993), Japanese eel 5.80% (NRC, 1993), another Indian major 
carp, rohu 5.53% (Murthy and Varghese, 1996*'), juvenile silver perch 5.50% 
(Ngamsnae et al., 1999), Atlantic salmon 5.80% (Rollin, 1999), and is higher than 
the requirement reported for chinook salmon 5.10% (Chance et al., 1964), 
Mossambique tilapia 2.50% (Jauncey et al., 1983), milkfish 5.22% (Borlongan, 
1992), rainbow trout 4.30% (Kim, 1993), coho salmon 4.50% (Arai and Ogata, 
1993), red sea bream 4.10%, Japanese flounder 3.80% (Forster and Ogata, 1998), 
European sea bass 2.60%, turbot 5.30%, gilthead sea bream 2.90% (Kaushik, 1998). 
The variations observed in the requirement level for aromatic amino acid 
among fish species may be because of the differences in the methodologies used 
such as experimental conditions, feeding regime, feed allowance, water temperature, 
stock density, fish age, ingredients combinations of dietary protein sources used for 
basal diets like casein, gelatin, fish meal, soybean meal, crystalline amino acid in 
varying combinations, adequate levels of other nutrients and also due to the use of 
different variables and statistical analysis to establish requirement. Kim (1993) 
pointed out that large variation in the values for phenylalanine requirements may be 
due to differences in the composition of basal diets used for different experiments 
and also suggested that the wide variability and the reliability of phenylalanine 
requirements of fish may be affected by fish size, species differences and culture 
conditions adopted in different laboratories. Digestibility, amino acid profile and 
energy content may also bring about variable effects in amino acid requirement 
studies (Simmons et al., 1999; De Silva et al., 2000). Variations may also be 
attributed to true differences between phylogenetically distinct families or species 
(Akiyama et al., 1997). Some variations exist perhaps due to the presence or absence 
of tyrosine in the diet. Nose (1979) reported that presence of excessive amount of 
tyrosine reduced the amount of phenylalanine requirement in common carp and also 
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noted that the phenylalanine requirement of carp was 6.50% in the absence of 
tyrosine but was reduced to 3.40% in the presence of 2.40% dietary tyrosine. 
Total aromatic amino acid deficiency causes loss of appetite, resulting in low 
feed intake and reduced growth rate as shown in catla (Ravi and Devaraj, 1991), 
milkfish (Borlongan, 1992), rohu (Murthy and Varghese, 1996*'). Except for loss of 
appetite and low feed efficiency which resulted in depressed growth in C. mrigala 
fed diets containing lower than optimum requirement in both experiments, no diet-
related mortality or morphological signs of phenylalanine/ total aromatic amino acid 
deficiency were observed. However, weight gain of C. mrigala decreased when 
phenylalanine exceeded the requirement. The reduction in growth of mrigal fed 
higher concentrations of total aromatic amino acid (diet VI) in both experiment may 
be due to toxic effects (Choo, et al., 1991) and stress caused by excess amount of 
total aromatic amino acid in the body offish leading to extra energy expenditure and 
excretion of the same (Walton, 1985). Similar observation were also made by other 
workers on phenylalanine requirement studies (Ravi and Devaraj, 1991, Borlongan, 
1992 and Murthy and Varghese, 1996*'). Borlongan, (1992) reported that reduction of 
growth of milkfish fed high levels of phenylalanine and tyrosine could be attributed 
to amino acid toxicity because excessive levels of dietary phenylalanine and tyrosine 
led to an accumulation and oxidation of phenylalanine to ketones and other toxic 
metabolites, and hence adversely affecting growth. 
Based on the quadratic regression analysis of live weight gain, FCR and PER 
data, and also the highest protein deposition value in both experiment, an inclusion 
of 2.15 glOOg"' dietary total aromatic amino acid (phenylaianine+tyrosine), 
corresponding to 5.38 glOOg' dietary protein, is recommended for optimum growth 
of fingerling C. mrigala. Also, the replacement value of tyrosine for phenylalanine in 
the present study was estimated to be 39.50% on a weight basis or 36% on a molar 
basis. 
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The data generated in the present study on the dietary total aromatic amino 
acid requirement of C mrigala would be useful in developing aromatic amino acid 
balanced practical diets for the intensive culture of this species. 
SUMMARY 
Two separate 8-week growth trials were conducted to determine the total dietary 
aromatic amino acid requirement and tyrosine replacement value for phenylalanine 
in Indian major carp, Cirrhinus mrigala (4.10±0.04 cm, 0.57±0.08 g) fmgerling 
using casein gelatin based amino acid test diets (40% CP; 17.90 kJ g ' GE, dry diet) 
containing graded levels of phenylalanine (0.50, 0.75, 1.00, 1.25, 1.50, and 1.75 
glOOg"\ dry diet) with 1.0% tyrosine fixed in all the diets in experiment 1. 20 fish 
were randomly stocked, in triplicate groups in 70-L indoor polyvinyl flow-through 
circular tanks with water volume 55-L (water exchange rate 1-1.5 Lmin') and fed 
experimental diets twice at 08:00 and 16:00 h a day at the rate of 5% of the body 
weight per day in the form of dry crumbles. Maximum live weight gain (287%), feed 
conversion ratio (1.44) and protein efficiency ratio (1.74) occurred at 1.25% 
phenylalanine level. The relationship between dietary phenylalanine levels and 
weight gain, FCR and PER data were analysed by second-degree polynomial 
regression analysis indicating the requirement for phenylalanine at 1.35, 1.29 and 
1.27 glOOg"' of dry diet, respectively. Carcass composition also showed some 
remarkable changes. Significantly (P<0.05) higher protein and low carcass moisture 
was recorded at the requirement level. Carcass fat was found to be significantly 
increased with increasing dietary phenylalanine concentrations. Significantly 
(P<0.05) higher ash content was noted at the lower doses of phenylalanine (0.50% 
and 0.75%). However, an insignificantly (P>0.05) lower ash content was evident 
among the other groups. Based on the above results, it is recommended that the diet 
for C mrigala should contain phenylalanine at 1.30 glOOg"' of dry diet, 
corresponding to 3.25 glOOg' of dietary protein. On the basis of the result of the first 
experiment, a second experiment was conducted under similar experimental design 
using graded levels of tyrosine (0.21, 0.40, 0.60, 0.80, 1.00 and 1.20 glOOg') with 
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1.30% phenylalanine fixed in all the diets to determine the replacement value of 
tyrosine for phenylalanine. Maximum live weight gain (315%), FCR (1.47) and 
PER (1.69) occurred at 0.80% dietary tyrosine of dry diet with 1.30% phenylalanine. 
Quadratic regression analysis of live weight gain, FCR and PER data indicated the 
optimum requirement for tyrosine at 0.90, 0.84 and 0.82% of the dry diet, 
respectively. Carcass composition of the fish fed diets with various amounts of 
tyrosine showed significant differences. Significantly (P<0.05) low moisture and 
higher protein were recorded at 0.80% tyrosine compared to the other dietary levels. 
Carcass fat was found to be significantly (P<0.05) increased with the increasing 
dietary tyrosine concentration upto 0.80% and thereafter it was insignificantly 
(P>0.05) different to each other. Ash content of fish fed diet with different tyrosine 
levels did not differ except at 0.21% tyrosine diet (diet I) where significantly 
(p>0.05) higher ash content was noted. Carcass protein deposition was found to be 
significantly (P<0.05) higher at 0.80% dietary tyrosine. On the basis of the above 
regression analysis, 0.85 glOOg"' tyrosine corresponding to 2.13 glOOg"' of the 
dietary protein is taken as the optimum tyrosine requirement of this species and that 
the replacement value of tyrosine for phenylalanine is approximately 39.5% on a 
weight basis and 36.0% on a molar basis. Thus the total aromatic amino acid 
(phenylalanine+tyrosine) requirement is 2.15 glOOg"' (1.30+0.85 glOOg'*) of dry 
diet, corresponding to 5.38 glOOg"' of the dietary protein for optimum growth and 
efficient feed utilization of C. mrigala. 
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Figure 1. Second-degree polynomial relationship of live 
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CHAPTER VII 
CHAPTER V I I 
DIETARY BRANCHED-CHAIN AMINO ACID VALINE, 
ISOLEUCINE AND LEUCINE REQUIREMENTS OF FINGERLING 
INDIAN MAJOR CARP, CJ^^//J/V£/5/i/^(7>1Z^ (HAMILTON) 
INTRODUCTION 
Production of animals including fish is of major importance as human food 
commodities due to their relatively high content of essential amino acids. Moreover, 
a health claim is often attributed to fish consumption in view of fish containing high 
amounts of polyunsaturated fatty acids relative to the amount found in domestic 
animals. Hence, there is a increasing demand offish requiring their intensive culture. 
The success of intensive fish culture depends to a large extent on artifical feeding. 
Feed constitutes the largest production cost for commercial aquaculture (Li et al., 
2004). The crude protein component of feed is generally considered the most 
expensive of the macronutrients. A continue supply of protein is needed throughout 
life for maintenance and growth. Ingested proteins are hydrolysed to release amino 
acids that may be used for synthesis of tissue proteins. Proteins are composed of 
amino acids, some of which are dietary essentials and therefore, satisfying these 
essential amino acid need of fish and shellfish is one of the highest annual cost in 
intensive aquaculture production (Twibell et al., 2003). 
The branched-chain amino acids (BCAA) comprise 14% of the total amino 
acids present in skeletal muscle protein and differ fi-om other indispensable amino 
acids in that they are oxidized primarily in the skeletal muscle by the BCAA 
dehydrogenase enzyme complex (Ferrando et a/., 1995; Mager et al., 2003), while 
all of the other amino acids are broken down in the liver. Branched-chain amino 
acids (valine, isoleucine and leucine) are essential amino acids and play very 
important roles in certain biochemical reactions and growth of monogastric and 
preniminant terrestrial animals. These include protein synthesis, the production of 
energy, the compartmentalization of glutamate, and the synthesis of the amine 
neurotransmitters serotonin and the catecholamines dopamine and norepinephrine, 
which are derived from the aromatic amino acids tryptophan, phenylalanine, and 
tyrosine (Femstrom, 2005). These three structurally similar branched-chain amino 
acids share common system for transport through cellular membrane and use the 
same enzyme for degradation (Harper, 1984), and the catabolism of these amino 
acids uses the same enzymes in the first two steps (Harris et al., 2005; Hutson et al., 
2005). The first step in each case is a transamination using a single BCAA 
aminotransferase, with a-keto glutarate as amine acceptor. As a result, three different 
a-keto acids are produced and are oxidized using a common branched-chain a-keto 
acid dehydrogenase, yielding a three different CoA derivativies. Valine produces 
propinoyl CoA, isoleucine produces acetyl CoA and propinoyl and leucine produces 
acetyl CoA and acetoacetyl CoA. 
The dietary requirement of these BCAA have been worked out in the past for 
different fish species such as Japanese eel (Arai et al., 1972), chinook salmon 
(Chance et al., 1964), channel catfish, (Wilson et al., 1980), lake trout, Salvelinus 
namaycush (Hughes et al., 1983); Mozambique tilapia (Jauncey et al, 1983), rohu 
(Murthy and Varghese, 1996"; 1997"'*; Abidi and Khan, 2004''), white sturgeon, 
Acipenser transmontanus (Ng and Hung, 1995), red sea bream, Pagrus major 
(Forster and Ogata, 1998), European sea bass, Dicentrarchus labrax; gilthead 
seabream. Spams aurata and turbot, Psetta maxima (Kaushik, 1998), Atlantic 
salmon, Salmo salar (Rollin et al, 1999), rainbow trout (Yamamoto et al., 2004). 
Although the dietary protein requirement of fingerling Cirrhinus mrigala has 
been reported and reviewed under General Introduction (page 8), no information is 
available on its BCAA requirements. The present study was, therefore, undertaken to 
estimate the dietary branched-chain amino acids isoleucine, leucine and valine 
requirements of this fish species. 
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MATERIALS AND METHODS 
Experimental diet 
Six isonitrogenous (40% crude protein (CP)) and isoenergetic (17.90 kJg', gross 
energy (GE)) diets (I-VI) with graded (0.25 glOOg") levels of valine (0.75, 1.00, 
1.25, 1.50, 1.75 and 2.00 glOOg"'), isoleucine (0.50, 0.75, 1.00, 1.25, 1.50, and 1.75 
glOOg"') and leucine (0.75, 1.00, 1.25, 1.50, 1.75 and 2.00 glOOg"') were formulated 
using casein (fat-free), gelatin and L-crystalline amino acid premix (Table 1, 2 and 
3). The quantity of valine, isoleucine and leucine were increased at the expense of 
glycine, proline, serine (2:1:1) for valine and glycine, proline, aspartic acid (2:1:1) 
for isoleucine and leucine so as to make the diets isonitrogenous. The levels of test 
amino acids in the diets were fixed on the basis of information available on the other 
Indian major carps, C. catla (Ravi and Devaraj, 1991) and L. rohita (Murthy and 
Varghese, 1996^; 1997*''*; Abidi and Khan, 2004*'). Other details of the experimental 
diets are the same as described elsewhere (page 11-12). 
Method of preparation of the experimental diets has been described under 
General Methodology section (pagell-l2). Proximate composition of the diets and 
body carcass were estimated according to standard methods (page 14-17). 
Experimental design and feeding trial 
Source offish, their acclimation, and details of general experimental design have 
been described under General Methodology section (page 11-13). 
C mrigala fingerling for determining the valine (4.29±0.55cm, 0.62±0.03 g), 
isoleucine (4.22±0.43cm, 0.61 ±0.05 g) and leucine (4.38±0.63cm, 0.64±0.06 g) 
requirements were randomly stocked in triplicate groups at the rate of 20 fish per 
tank for each dietary treatment. The feeding trial lasted for eight weeks. Water 
temperature, pH, free carbon dioxide, dissolved oxygen and total alkalinity during 
the feeding trial estimated following the standard methods (APHA, 1992), over the 
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eight weeks feeding trial, based on daily measurements, were 26.5-29 C, 7.1-7.8, 9-
-1 13, 6.8-8.0, 76-80 mg L", respectively. 
Growth parameters and feed utilization efficiencies were measured using 
standard definition have been given elsewhere (page 17-18). 
Chemical analysis 
The proximate composition of casein, gelatin, experimental diets, initial and final 
body composition was analyzed using standard AOAC (1995) methods as described 
under General Methodology section (page 14-17). Gross energy and amino acid 
analysis of casein and gelatin was made as per the detailed earlier (page 16-17). 
Statistical analysis 
Statistical analysis of the data was performed as per methods given under General 
Methodology section (page 18). 
RESULTS 
The weight gain per cent, specific growth rate, feed conversion ratio and protein 
efficiency ratio of C. mrigala fed diets with graded levels of valine over a 8-week 
feeding trial differed significantly (P<0.05) and the values are presented in Table 4. 
Among all the diets fed to C. mrigala, maximum live weight gain was evident in fish 
fed diet containing 1.50% dietary valine (diet IV). The overall weight gain offish at 
this level of dietary valine was found to be 312%, which was significantly (P<0.05) 
higher compared to the other dietary groups. Significantly (P<0.05) highest SGR 
(2.53%) was recorded in fish fed 1.50% dietary valine compared to other dietary 
levels. Fish fed different levels of dietary valine produced significant (P<0.05) 
differences in FCR values which ranged between 1.45-2.82. Best FCR (1.45) was 
noted in fish fed 1.50% dietary valine. PER (1.72) offish fed diet with 1.50% valine 
was significantly (P<0.05) higher than those fed other dietary valine levels. Fish fed 
lower levels of dietary valine (<1.50%) showed poor growth rate and efficiency of 
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feed utilization, whereas fish fed higher (>1.50%) dietary valine could not produce 
additional growth. When the live weight gain data and dietary valine levels were 
subjected to second-degree polynomial regression analysis, a break-point was 
evident at 1.59% dietary valine (Fig.l), corresponding to 3.98% diatajy^Vbtefft! if/&y^ 
relationship was described by the equation; (r., Q..-^ / r<^^~. , 
Y= - 258.5543x^ + 822.8140x - 348.9644 (r = 0.991 ;Wov05) , 
The FCR and PER data were also subjected to second-degree ipotj^idfflM 
regression analysis. The FCR (Y) to the dietary valine levels (X) relationship (Fig. 2) 
was described by the equation; 
Y = 2.3114x^ - 6.9439X + 6.7831 (r = 0.981; P<0.05) 
Similarly, the PER (Y) to dietary levels of valine (X) relationship (Fig. 3) was 
also described by the mathematical equation; 
Y = -1.4086x^ + 4.1627x -1.5122 (r = 0.933; P<0.05) 
Based on the above polynomial equations, it is evident that the highest weight 
gain, best FCR and PER were recorded at 1.59%, 1.50% and 1.48% of dry diet, 
respectively. 
Proximate composition of the initial whole body samples of C. mrigala and 
those fed on different dietary valine levels at the end of the 8-week feeding trial is 
presented in Table 5. Body moisture content offish fed diets with different levels of 
valine varied significantly (P<0.05). Significantly (P<0.05) low moisture content 
was noted at 1.50% dietary valine compared to the other dietary groups. The whole 
body protein content of the fish receiving 1.50% dietary valine was found to be 
significantly (P<0.05) higher followed by those fed 1.75% dietary valine. Whole 
body fat content offish fed varying levels of dietary valine gradually increased with 
increasing dietary valine concentrations and it was found to be significantly higher at 
2.00% dietary valine. However, whole body fat content was significantly (P<0.05) 
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lower at 1.50% valine diet compared to that fed 1.25%, 1.75% and 2.00% dietary 
valine. With the exception of lower dietary valine concentrations (0.75% and 
1.00%), the whole body ash remained insignificantly (P>0.05) different among each 
other. However, fish fed 0.75% and 1.00% dietary valine levels recorded 
significantly (P<0.05) higher ash content. Body protein deposition of fish fed diet 
with 1.50% valine was also found to be significantly higher at 1.50% followed by 
those fed 1.25% and 1.75% dietary valine concentrations (Fig. 4). 
The live weight gain (WG%), specific growth rate (SGR%), and protein 
efficiency ratio (PER) of Indian major carp, C. mrigala fed diets with various levels 
of isoleucine over a 8-week feeding trial is presented in Table 6. Graded 
concentrations of dietary isoleucine significantly (P<0.05) affected WG, FCR, SGR 
and PER of fingerling Indian major carp, C. mrigala. Weight gain (317%) offish fed 
diet containing 1.25% dietary isoleucine was significantly (P<0.05) higher among all 
the dietary groups, followed by fish fed diets with 1.50% and 1.00% of dietary 
isoleucine. Lowest weight gain was recorded with fish fed diet containing 0.50% and 
0.75% of dietary isoleucine. Pattern of SGR was similar to those of weight gain. 
Significant (P<0.05) differences in FCR were recorded in fish fed diets with various 
levels of isoleucine and established a range fi-om 1.47- 2.96 with the best FCR (1.47) 
in fish fed 1.25% of dietary isoleucine. PER were also found to be significantly 
affected by the dietary isoleucine levels. PER (1.71) of fish fed diet containing 
1.25% of dietary isoleucine was found to be significantly (P<0.05) higher than those 
fed other dietary levels. 
The above results indicate that fish fed higher than 1.25% dietary isoleucine 
could not produce additional growth, whereas fish receiving diets containing less 
than 1.25% dietary isoleucine showed reduced weight gain and poor efficiency of 
feed utilization. However, to generate more precise information, the growth data 
were subjected to second-degree polynomial regression analysis to obtain the break-
points. When live weight gain data and dietary isoleucine levels were subjected to 
second-degree polynomial regression analysis, a break-point was evident at 1.32% of 
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dietary isoleucine, corresponding to 3.30% of the dietary protein (Fig. 5). The 
relationship was described by the equation: 
Y= -285. 6229x^+754.7669x-193. 6463 (r = 0.991; P<0.05) 
The FCR (Y) to the dietary levels of isoleucine (X) relationship was described 
by a second-degree polynomial regression analysis (Fig. 6). The relationship being: 
Y = 2. 6743x^-6. 5874x + 5.5837 (r = 0.996; P<0.05) 
Also, the PER (Y) to the dietary levels of isoleucine (X) relationship was 
described by a second-degree polynomial regression analysis (Fig. 7). The 
relationship being: 
Y = - 1 . 5457x^ + 3.7407X - 0.6836 (r = 0.966; P<0.05) 
Based on the above polynomial regression equations, the best FCR and PER 
occurred at isoleucine levels of 1.23% and 1.21% of the dry diet, respectively. 
The effect of dietary isoleucine levels on whole body composition of C. 
mrigala was found to be significantly affected by various isoleucine treatments and 
the data is presented in Table 7. Moisture content offish receiving different levels of 
dietary isoleucine varied significantly (P<0.05) and was recorded to be minimum at 
1.25% of dietary isoleucine. Whole body protein content was found to be 
significantly (P<0.05) higher at 1.25% dietary isoleucine followed by those 
receiving diets with 1.00% and 1.50% of dietary isoleucine. However, whole body 
protein of the fish fed diets containing 1.00% and 1.50% dietary isoleucine were not 
significantly different (P>0.05). Whole body fat increased significantly (P<0.05) 
with increasing dietary isoleucine concentrations up to 1.50%. Further increase in the 
concentration of dietary isoleucine could not show any difference in whole body fat. 
Fish fed diet containing 0.50% and 0.75% dietary isoleucine showed significantly 
(P<0.05) higher ash content in their body as compared to the other dietary isoleucine 
levels. However, ash content of the fish receiving other dietary isoleucine levels 
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remained insignificantly (P>0.05) different to each other. Body protein deposition of 
fish fed diets with different levels of isoleucine also varied significantly and showed 
similar trend as whole body protein content (Fig. 8). 
The live weight gain, feed conversion ratio and protein efficiency ratio 
response of fingerling C. mrigala fed with different levels of dietary leucine for a 8-
week growth trial is shown in Table 8. Within the test range, weight gain increased 
significantly (P<0.05) up to 1.50% dietary leucine and beyond that it decreased. The 
overall weight gain at this level of dietary leucine was 308%. Similarly, highest 
SGR% (2.51%) and best FCR (1.47) were noted in fish fed diet containing 1.50% of 
dietary leucine. PER were also found to be significantly (P<0.05) affected by the 
dietary leucine levels and was recorded to be significantly higher (1.71) in fish fed 
diet containing 1.50% dietary leucine compared to those fed other dietary leucine 
levels. 
In the light of above results, it is noted that the fish fed higher than 1.50% 
dietary leucine could not produce additional growth, whereas fish fed lower 
concentrations of dietary leucine recorded reduced weight gain and efficiency of 
feed utilization. However, on subjecting the live weight gain data and dietary leucine 
levels to second-degree polynomial regression analysis, a break-point was evident at 
1.56% of dietary leucine, corresponding to 3.90% of dietary protein (Fig, 9). The 
relationship was described by the equation; 
Y= - 274.8771 x^ + 862.9407x - 377.6361 (r = 0.997; P<0.05) 
The FCR (Y) to dietary levels of leucine (X) relationship was described by a 
second-degree polynomial regression analysis (Fig. 10). The relationship being; 
Y= 2.1400x^ - 6.5959X + 6.6099 (r = 0.995; P<0.05) 
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Similarly, the PER (Y) to dietary levels of leucine (X) relationship was 
described by a second-degree polynomial regression analysis (Fig. 11). The 
relationship being; 
Y = - 1.2771x^+ 3.8767X - 1.3581 (r = 0.964; P<0.05) 
Based on the above polynomial equations, the highest weight gain, best FCR 
and PER occurred at leucine levels of 1.56%, 1.54% and 1.51% of the dry diet, 
respectively. 
Significant (P<0.05) differences were observed in the whole body 
composition offish fed different levels of dietary leucine (Table 9). Moisture content 
of the fish decreased significantly (P<0.05) with increasing leucine levels upto 
1.50% (diet rV) and thereafter an increase in moisture was noted. Whole body 
protein content of fish receiving diet containing 1.50% leucine was found to be 
significantly (P<0.05) higher followed by those receiving diet containing 1.75% and 
1.25% leucine. Whole body fat increased gradually with the increase of dietary 
leucine and was significantly (P<0.05) higher at 1.75% and 2.00% leucine compared 
to other dietary groups. Fish receiving different leucine levels, with the exception of 
those fed 0.75% leucine diet, showed no significant differences in their body ash 
content. However, 0.75% dietary leucine inclusion produced significantly (P<0.05%) 
•high ash values. Body protein deposition was also found to be significantly higher at 
1.50% dietary leucine (Fig. 12) followed by those receiving diets containing 1.75% 
and 1.25% leucine inclusion. 
DISCUSSION 
The branched-chain amino acid valine plays a very important role for protein 
synthesis and optimum growth of fish. It is required for repair and growth of tissue 
and maintaining nitrogen balance in the fish body. The principal product from valine 
is propionyl CoA, the glycogenic precursor of succinyl CoA. It along with other 
BCAA isoleucine and leucine have been used as supplements for body growth and 
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also used in the body to produce certain biochemical compounds that help energy 
production and reduce twitching and tremors in animals. Due to its important role 
and being an indispensable amino acid, inclusion of an optimum amount of valine is 
a pre-requisite for the formulation of amino acid balanced diet of C. mrigala for its 
mass production. One of the common methods of determining the requirement of a 
species for an essential amino acid involves feeding a diet that is nutritionally 
balanced except for the essential amino acid in question (De Silva and Anderson, 
1995). Maximum live weight gain, best feed conversion ratio and protein efficiency 
ratio at 1.50% dietary valine indicated to be optimum requirement of C. mrigala. 
However, quadratic regression analysis of live weight gain, feed conversion ratio and 
protein efficiency ratio data showed the valine requirement of C. mrigala to be at 
1.59%, 1.50% and 1.48% of the diet, respectively. Whole body composition of C. 
mrigala fed various levels of dietary valine was also affected. Significantly low 
moisture and higher whole body protein content was recorded at 1.50% dietary 
valine. Body protein deposition was also found to be significantly higher at the 
above level of dietary valine. In the light of quadratic regression and whole body 
composition analysis, it is recommended that 1.52 glOOg' of dietary valine, 
corresponding to 3.80 glOOg* of dietary protein estimated in the present study is 
taken as the optimum requirement of C. mrigala which interestingly is almost similar 
to the requirement reported for other Indian major carp, rohu 3.75% (Murthy and 
Varghese 1997*^ ; Abidi and Khan, 2004*') and is higher than the requirement reported 
for other fishes like chinook salmon 3.20% (Chance et al., 1964), chum salmon 
3.00% (Akiyama and Arai, 1993), channel catfish 2.96% (Wilson et al, 1980), 
common carp 3.60% (Nose, 1979), coho salmon 2.20% (Arai and Ogata, 1993), lake 
trout 3.39% (Hughes et al., 1983), rainbow trout 3.10% (Ogino, 1980), Mozambique 
tilapia 2.20% (Jauncey et al., 1983), Nile tilapia 2.20% (Santiago and Lovell, 1988), 
milkfish 3.60% (Borlongan and Coloso, 1993), European sea bass, 2.90%; gilthead 
sea bream 3.00% and turbot 2.90% (Kaushik, 1998), red sea bream 2.50% (Forster 
and Ogata, 1998), white sturgeon 3.30% (Ng and Hung, 1995), other Indian major 
carp catla 3.55% (Ravi and Devaraj, 1991). However, the valine requirement of C 
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mrigala is lower than the requirement reported for Japanese eel 4.00% (Nose, 1979) 
and Atlantic salmon 3.90% (RoUin, 1999). The valine requirement varies between 
2.50 to 4.00%) of protein among species and within the species (NRC, 1993 and 
Wilson, 2002). The dietary valine requirement of C mrigala estimated in the present 
study is well within the above range. 
Isoleucine is a neutral genetically coded branched-chain amino acid and 
considered indispensable for the growth of all fish species. The principal products 
from isoleucine catabolism terminate with production of acetyl CoA and propionyl 
CoA; thus isoleucine is both glucogenic and ketogenic. It is involved in many 
metabolic pathways such as protein synthesis (Hutson et al., 2005) and energy 
production, etc. The importance of dietary isoleucine for growth of C. mrigala 
demonstrated in the present study indicating that 1.25% dietary isoleucine is 
optimum for maximum growth of C. mrigala. This level of dietary isoleucine also 
supported best-feed conversion ratio (1.47), highest specific growth rate (2.53%) and 
protein efficiency ratio (1,70). Quadratic regression analysis of weight gain data 
indicated requirement to be at 1.32% for dietary isoleucine, corresponding to 3.30% 
of dietary protein. However, quadratic regression analysis of FCR and PER data 
indicated optimum dietary isoleucine requirement of C. mrigala at 1.23% and 1.21% 
of the dry diet, respectively. Whole body composition of fish fed different levels of 
dietary isoleucine showed some remarkable changes. Body moisture content 
remained low at 1.25% isoleucine diet compared to the other dietary groups, whereas 
whole body protein content was recorded maximum at the above level of dietary 
isoleucine. Whole body fat content gradually increased with increasing levels of 
dietary isoleucine and it was significantly higher in fish fed diets with excess 
isoleucine concentrations. Body ash remained constant among all the dietary groups 
with the exception of those fed lower doses (0.50%> and 0.75%) of isoleucine where 
significantly higher ash content was recorded. Body protein deposition was also 
noted to be significantly higher at 1.25% dietary isoleucine. Based on the above 
results, the optimum dietary isoleucine requirement of C. mrigala is recommended at 
1.26% of dry diet, corresponding to 3.15% of dietary protein. Isoleucine requirement 
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of different fish species varies between 2.0-4.0% of dietary protein (De Silva and 
Anderson, 1995; Wilson, 2002) and the isoleucine requirement of C mrigala worked 
out in the present experiment is well under this range. The isoleucine requirement of 
C. mrigala at 3.15% of dietary protein is almost similar to the requirement reported 
for Nile tilapia 3.10% (Santiago and Lovell, 1988), is lower than the requirement 
reported for milkfish 4.00% (Borlongan and Coloso, 1993), Japanese eel 4.00% 
(Nose, 1979) and is higher than the requirement reported for other Indian major carp, 
catla 2.40% (Ravi and Devaraj, 1991), and other Indian major carp, rohu 3.00% 
(Murthy and Varghese 1996^ )^, white sturgeon 3.00% (Ng and Hung, 1995), common 
carp 2.50% (Nose, 1979), channel catfish 2.60% (Wilson et al., 1980), chinook 
salmon 2.20% (Chance et al., 1964), chum salmon 1.20% (Arai and Ogata, 1993), 
European sea bass; gilthead sea bream and turbot 2.60% (Kaushik, 1998), lake trout 
2.60% (Hughes et al., 1983) and Japanese flounder, 2.00% (Forster and Ogata, 
1998). 
Leucine is needed not only for protein synthesis (Harris et al., 2005) but also 
for sound immune system. It in conjunction with two other branched-chain amino 
acids, isoleucine and valine, play a very important role for fiinctioning of liver. The 
highest weight gain, best feed conversion ratio and highest protein efficiency ratio 
were recorded in fish fed diet containing 1.50% dietary leucine which is significantly 
higher to that of other dietary groups. However, when live weight gain, feed 
conversion and protein efficiency ratio data were subjected to quadratic regression 
analysis, the optimum dietary leucine requirement was noted to be at 1.56%, 1.54% 
and 1.52% of the diet, respectively. Whole body composition was also significantly 
affected by fish fed different levels of dietary leucine. Minimum moisture and 
maximum protein contents were evident in fish fed at 1.50% dietary leucine. Similar 
trend was also recorded in body protein deposition. Based on the above results, the 
optimum dietary leucine requirement of C. mrigala is recommended at 1.54% of dry 
diet, corresponding to 3.85% of dietary protein. The leucine requirement varies fi-om 
3.30 to 3.90% of protein within and among the species and the recommended 
requirement falls within this range. The leucine requirement of C. mrigala at 3.85% 
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of dietary protein is almost similar to the requirement reported for chinook salmon 
3.90% (Chance et al., 1964), chum salmon 3.80% (Akiyama and Arai, 1993), 
Japanese flounder 3.90% (Forster and Ogata, 1998), lower than the requirement 
reported for other Indian major carp, rohu 4.63% (Murthy and Varghese, 1997''), 
Japanese eel 5.30% (NRC, 1993), lake trout 4.00% (Hughes et al., 1983), milkfish 
5.10% (Borlongan and Coloso, 1993), rainbow trout 4.40% (Ogino, 1980), red sea 
bream 4.20% (Forster and Ogata, 1998), white sturgeon 4.30% (Ng and Hung, 
1995), turbot 4.60%; European sea bass 4.30% and gilthead sea bream 4.50% 
(Kaushik, 1998), Atlantic salmon 5.20% (Rollin, 1999) and is higher than the 
requirement reported for other Indian major carp catla 3.70% (Ravi and Devaraj, 
1991), channel catfish 3.50% (Wilson et al., 1980), coho salmon 3.40% (Arai and 
Ogata, 1993), common carp 3.30% (Nose, 1979) and Nile tilapia 3.60% (Santiago 
and Lovell, 1988). 
The large variation observed in the requirement levels for valine, isoleucine 
and leucine among different fish species and within the species may be due to 
differences in the methodologies used in determining the requirement such as the 
nature of the intact protein sources in the test diet like casein, gelatin, zein, glutin, 
fish meal, soyabean meal and crystalline amino acids in various combinations. Other 
factors which affect the requirement among the species are water temperature, fish 
size, laboratory conditions including feeding regime, feed allowance, stocking 
density, etc (Kim et al., 1992*'; Luzzana et al., 1998). Apart from above factors, 
another very important factor which could affect the requirements is the composition 
of test diets, presence or absence of other branched-chain amino acids. 
Valine, isoleucine and leucine (BCAA) deficiencies cause loss of weight and 
poor feed conversion (Murthy and Varghese, 1996^ 1997* '^'; Ravi and Devaraj, 1991 
and Borlongan and Coloso, 1993). Except for loss of appetite and poor feed 
efficiency, which resulted in depressed growth rate in C. mrigala fed diet containing 
less than the optimum amount of these amino acids, no diet related mortality or 
morphological signs of BCAA deficiencies were observed. However, in the present 
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study, excess amount of these amino acids caused depressive effect such as reduction 
in growth and efficiency of feed utilization. A similar observation was also made for 
the other Indian major carps, catla (Ravi and Devaraj, 1991), rohu (Murthy and 
Varghese, 1996'^ ; 1997'^ ''*). The reduction in the growth of C mrigala fed excess 
doses of valine, isoleucine and leucine may be due to the result of antagonism among 
each other as evident in the study conducted by Yamamoto et al. (2004) on rainbow 
trout. Chance et al. (1964) reported that the requirement of isoleucine increased with 
increasing dietary leucine in chinook salmon. He also mentioned in the same study 
that valine requirement might get affected by relatively higher levels of isoleucine 
and leucine. However, in the present study the amount of isoleucine, leucine and 
valine were held constant in all the diets as per the reference amino acid profile (40% 
whole egg protein) in each feeding trial and their interrelationship with each other 
were not studied. The other reason for reduced weight gain and poor feed efficiency 
of C. mrigala during the present study may be due to the disproportionate amounts 
of valine, isoleucine and leucine in different amino acid test diets as disproportionate 
amount of one amino acid affects the utilization of other amino acids (Choo et al., 
1991 and Coloso et al., 1999). Hughes et al. (1984) reported that excess dietary 
valine does not increase the dietary requirement of lake trout for either leucine or 
isoleucine. For this reasons, the effects of dietary excess valine on lake trout is 
interpreted as amino acid toxicity rather than an antagonisms. Reduced growth and 
poor feed conversion ratio in C. mrigala may also be due to stress caused by feeding 
excess amount of one amino acid in the body of fish, leading to extra energy 
expenditure towards deamination and excretion of the same (Walton, 1985). 
On the basis of data generated during the present study, we conclude that diets 
formulated for C. mrigala should contain branched-chain amino acid valine, 
isoleucine and leucine at 1.52,1.26 and 1.54 gl OOg' of the dry diet, corresponding to 
3.80, 3.15 and 3.85 glOOg"' of the dietary protein, respectively, for optimum growth 
of this fish. 
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SUMMARY 
Three growth experiments of 8-week duration were conducted to quantitify the 
optimum dietary branched-chain essential amino acids (BCAA) valine (experiment 
1), isoleucine (experiment 2) and leucine (experiment 3) requirements of the 
fingerling Indian major carp, Cirrhinus mrigala. A mixture of casein and gelatin 
supplemented with crystalline amino acids was used as the protein source to simulate 
the amino acid profile of 40% whole egg protein. Six isonitrogenous (40% CP) and 
isoenergetic (17.90 kJg"') test diets were formulated with a gradation of 0.25 glOOg' 
for each test amino acid valine (0.75, 1.00, 1.25, 1.50, 1.75 and 2.00 glOOg"'), 
isoleucine (0.50, 0.75, 1.00, 1.25 1.50 and 1.75 glOOg"') and leucine (0.75, 1.00, 
1.25, 1.50, 1.75 and 2.00 glOOg"') and fed at the rate of 5% of the body weight per 
day dividing over two equal feeding at 08:00 and 16:00 h to C. mrigala fingerling 
stocked, in triplicate groups at the rate of 20 fish per polyvenyl circular trough fitted 
with flow-through system (water exchange rate 1-1.5 Lmin'') for each experiment. 
In experiment 1, maximum live weight gain (312%), best feed conversion ratio 
(FCR) (1.45) and protein efficiency ratio (PER) (1.72) were obtained at 1.50% of 
dietary valine which was significantly (P<0.05) higher compared to the fish fed other 
dietary valine levels. In experiment 2, significantly (P<0.05) higher live weight gain 
(317%), best FCR (1.47) and PER (1.70) were recorded at 1.25% of dietary 
isoleucine, and in experiment 3, markedly (P<0.05) higher weight gain (308%), best 
FCR (1.46) and PER (1.71) were noted at 1.50% of dietary leucine compared to 
other leucine levels. Second-degree polynomial regression analysis was employed to 
determine the optimum dietary requirement of these amino acids. The regression 
analysis of live weight gain (%), FCR and PER data showed the optimum dietary 
requirement of theses amino acids at 1.59%, 1.50% and 1.48% for valine, 1.32%, 
1.23% and 1.21% for isoleucine and 1.56%, 1.54% and 1.51% for leucine of dry 
diets. Whole body composition also differed markedly in fish fed different levels of 
test amino acids. Significantly (P<0.05) low moisture and higher protein were noted 
in fish fed test diets containing 1.55%, 1.25% and 1.50% valine, isoleucine and 
leucine, respectively. Whereas body fat increased significantly with the increasing 
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levels of BCAA and was noted to be significantly (P<0.05) higher in fish fed excess 
amounts of BCAA than requirements compared to those fed lower levels of BCAA. 
Body ash remained insignificantly (P>0.05) low in all the experiments, except at 
initial two doses of valine, isoleucine and leucine where higher ash contents were 
noted. On the basis of quadratic regression analysis of growth data, it is 
recommended that diet for C. mrigala should contain BCAA valine at 1.52, 
isoleucine at 1.26 and leucine at 1.54 glOOg"' dry diet, corresponding to 3.80, 3.15 
and 3.85 glOOg' of dietary protein, respectively, optimum growth and efficient 
utilization of feed. 
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Figure 1. Second-degree polynomial relationship of 
live weight gain to dietary valine levels. 
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Figure 2. Second-degree polynomial relationship of feed 
conversion ratio to dietary valine levels. 
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Figure 3. Second-degree polynomial relationship of protein 
efficiency ratio to dietary valine levels. 
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Figure 4. Relationship between protein deposition and 
dietary valine levels. 
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Figure 7. Second-degree polynomial relationship of protein 
efficiency ratio to dietary isoleucine levels. 
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Figure 9. Second-degree polynomial relationship of 
live weight gain to dietary leucine levels. 
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Figure 10. Second-degree polynomial relationship of feed 
conversion ratio to dietary leucine levels. 
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Dietary arginine requirement of fingerling Indian major 
carp, Cirrhinus mrigala (Hamilton) 
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Abstract 
Dietary arginine requirement of fingerling Indian major carp, 
Cirrhinus mrigala (4.20 ± 0.05 cm; 0.60 ± 0.02 g) was 
determined by conducting a 8-week feeding trial with casein-
gelatine-based diets (400 g kg"' crude protein; 17.90 kJ g"', 
gross energy), containing crystalline amino acids with graded 
levels of L-arginine (10,12.5,15, 17.5, 20 and 22.5 g kg~', dry 
diet). Fish were randomly stocked, in triplicate groups, in 55-L 
indoor polyvinyl flow through circular tanks and fed experi-
mental diets at 5% of their body weight divided into two fee-
dings at 08.00 and 16.00 hours. Live weight gain (321 %) and 
feed conversion ratio (FCR1.40) were significantly (P < 0.05) 
higher in fish fed diet containing 17.5 g kg"' dietary arginine 
compared with other diets. Second-degree polynomial regres-
sion analysis of live weight gain, FCR and protein efficiency 
ratio data indicated requirements for dietary arginine at 18.7, 
18.4 and 18.3 g kg"' of the dry diet, respectively. Maximum 
carcass protein, and minimum moisture and fat contents were 
noticed at the requirement level. Carcass ash content remained 
insignificantly different among the treatments except at 
17.5 g kg"' dietary arginine showing significantly higher ash 
content. Based on the above results, it is recommended that the 
diet for fingerling C. mrigala should contain arginme at 
18.4 g kg"', dry diet, corresponding to 46 g kg"' dietary 
protein for optimum growth and efficient feed utilization. 
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Introduction 
Availability of commercial feed that meets the nutrient needs 
of Indian cultured fish species is one of the limiting factors 
both for intensive and semi-intensive fish farming. Precise 
information on nutritional requirements of cultured species 
to provide appropriate amounts of nutrients for optimal 
growth is essential to reduce feed cost. Among the nutrients 
required by fish, the indispensable amino acids are of utmost 
importance because of their influence on fish growth and diet 
economics (NRC 1993). 
Indian major carps, namely, catla, Catla catla, rohu, Labeo 
rohita and mrigal, Cirrhinus mrigala, comprise the major 
capture/culture fisheries in inland fisheries sector of India 
(Jhingran 1991). These carps are fast growing, attaining 
marketable size of 80()-1000 g in less than a year and are 
generally propagated on extensive and/or intensive scale in 
polyculture systems (Jhingran & PuUin 1988). Cirrhinus 
mrigala, a detritus eater, forms an important component of 
polyculture with other species of major carps. 
The requirements for all 10 indispensable amino acids have 
been established only for a limited number of cultured fish 
species such as chinook salmon, Oncorhynchus tshawystscha 
(Halver et al. 1957; NRC 1993), sockeye sahnon, O. nerka 
(NRC 1993), coho salmon, O. kisutch (Arai & Ogata 1993), 
common carp, Cyprinus carpio (Nose 1979), Japanese eel, 
Anguilla japonica (NRC 1993), rainbow trout, O. mykiss 
(Ogino 1980), channel catfish, Ictalurus punctatus (NRC 
1993), Nile tilapia, Oreochromis niloiicus (Santiago & Lovell 
1988), Indian major carp, C. catla (Ravi & Devaraj 1991), 
chum salmon, O. keta (Akiyama & Arai 1993), milkfish, 
Chanos chanos (Borlongan & Coloso 1993), white sturgeon, 
Acipenser transmontanus (Ng & Hung 1995), and striped 
bass, Morone saxatilis (Small & Scares 1998). 
Arginine, an essential amino acid for fish (NRC 1993), is 
involved in metabolic pathways like protein synthesis, urea 
production, metabolism of glutamic acid and proline, and 
synthesis of creatine and polyamines (Hird 1986). Dietary 
arginine deficiency signs reported in common carp include 
reduced growth rate, increased mortality and incidence of 
lordosis (Tacon 1992). 
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Dietary arginine requirements have been worked out for 
Mozambique tilapia, Oreochromis mossamhicus (Jackson & 
Capper 1982), rainbow trout (Cho et al. 1992), Asian sea bass, 
tales calcarifer(Co\osoet al. 1993), gilthead sea bream Sparuj 
aurata (NRC 1993), Indian major carp, L. rohila (Khan &}a(n 
1993; Murthy & Varghese 1995), hybrid striped bass, Morone 
saxatilis x M. chrysops (Griffin el al. 1994), sea bass, Dicen-
trarchus labrax (Tibaldi et al. 1994), Atlantic salmon, Salmo 
salar (Lall et al. 1994; Berge et al. 1997), yellow perch, Perca 
flavescens (Twibell & Brown 1997), coho salmon (Luzzana 
et al. 1998), African catfish, Clarias gariepinus, (Fagbenro 
et al. 1999), silver perch, Bidyanus bidyanus (Ngamsnae et al. 
1999), red dnmi, Sciaenops ocellatus (Barziza et al. 2000), 
Asian sea bass (Murillo-Gurrea et al. 2001) and Japanese 
flounder, Paralichthys olivaceus (Alam et al. 2002). 
Although the dietary protein requirement of fingerling 
C. mrigala has been quantified (Singh et al. 1987; Swamy 
et al. 1988; Mohanty et al. 1990; Das & Ray 1991; De Silva 
& Gunasekera 1991 and Khan 1991), no information is 
available on its essential amino acid requirements. The pre-
sent study was undertaken to determine the optimum dietary 
arginine requirement of fingerling C. mrigala. 
Materials and methods 
Experimental diet 
Six isonitrogenous [400 g kg"' crude protein (CP)] and iso-
caloric [17.90 kJ g~' gross energy(GE)] amino acid test diets 
were formulated using casein (fat-free), gelatine and L-crys-
talline amino acids with graded levels of arginine (Table 1). 
The dietary protein level was fixed at 400 g kg"' CP, reported 
optimum for the growth of C. mrigala (Khan 1991). L-crys-
talline amino acids, excluding the test amino acid arginine, 
were used to simulate the amino acid profile of the experi-
mental diets to that of 400 g kg"' whole chicken egg protein. 
The levels of L-arginine were in increments of 2.5 g kg"'. A 
casein-gelatine ratio, contributing the minimum quantity of 
the test amino acid and maximum quantities of other amino 
acids, was maintained. To make the diets isonitrogenous, 
arginine was quantitatively increased at the expense of glycine 
and proline. a-Cellulose was used to make the diets isoener-
getic. TTie levels of arginine in the amino acid test diets were 
fixed on the basis of information available for the other Indian 
major carps, C. catla (Ravi & Devaraj 1991) and L. rohita 
(Khan & Jafri 1993 and Murthy & Varghese 1995). Preweighed 
quantities of L-crystalline amino acids and salt mixture were 
thoroughly stirred in hot water (80 "C) in a steel bowl attached 
to a Hobart electric mixer (Hobart Corporation, Troy, OH, 
USA). The pH of the resulting mixture was adjusted to 
neutral with 6 N NaOH solution (Nose et al. 1974). Gelatine 
was dissolved separately in a volume o{ water with constant 
heating and stirring and then transferred to the above mixture. 
The mixer bowl was removed from heating and dextrin added. 
Other dry ingredients and oil premix, except carboxymethyl 
cellulose, were added to the lukewarm bowl (40 °C) one by one 
with constant mixing. Finally carboxymethyl cellulose was 
added and the speed of the blender was gradually increased as 
the diet began to harden. The dough was passed through a 
pelletizer fitted with a 2 mm die to obtain pellets which were 
dried in a hot air oven at 40 °C to reduce the moisture content 
below 100 g kg"'. The dry pellets were crumbled, sieved and 
stored at 4 °C until used. 
Experimental design and feeding trial 
FingerUngs of C. mrigala produced by induced breeding 
were obtained from Government Fish Hatchery (Faridpur, 
Bareilly, India). These were transported to the laboratory in 
oxygen filled polythene bags, given a prophylactic dip in 
KMn04 solution (1 : 3000) and stocked in indoor circular 
aluminium plastic lined (Plastic Crafts Corp., Mumbai, 
India; 1.22 m x 0.91 m x 0.91 m) fish tank (water volume, 
600 L) for a fortnight. During this period, fish were fed to 
satiation a mixture of soybean, mustard oil cake, rice bran 
and wheat bran in the form of moist cake, twice daily, at 
08.00 and 16.00 hours. Later, these fish were acclimatized for 
2 weeks on casein-gelatine-based (400 g kg"' CP) H-440 diet 
(Halver 2002). Fish (3.95 ± 0.50 cm; 0.50 ± 0.02 g) were 
fed graded levels of ration size (2, 4, 6, 8 and 10% body 
weight per day, dry diet) in triplicates for 6 weeks, and weekly 
weight gains recorded. On subjecting the feed conversion 
ratio (FCR) (Y) and ration level {X) data to quadratic 
regression analysis (Zeitoun et al. 1976), a break point was 
evident at 5.0% ration level (Fig. 1), on a dry weight basis. 
Cirrhinus mrigala fingerlings (4.20 ± 0.05 cm; 0.60 ± 
0.02 g) were then randomly stocked, in triplicate groups of 
20 fish each, in 70-L polyvinyl indoor circular troughs (water 
volume 55 L), supplied with ground water (1-1.5 L min"') 
for each dietary treatment level. Fish were fed the test diets in 
the form of dry crumbles at a rate of 5% body weight/day 
twice daily at 08.(X) and 16.00 hours. This amount was close 
to the maximum daily ration consumed by the fish during a 
preliminary feed trial described earlier. The daily ration was 
subdivided into two equal halves and fed at 08.00 and 
16.00 hours. No feed was offered to the fish on the day the 
measurement was taken. Initial and weekly weights were 
recorded on a top loading balance (Precisa 120A; PAG 
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Table 1 Composition of experimental diets used for estimating the dietary arginine requirement of fingerling Cirrhinus mrigala 
Ingredients (g kg"', dry diet) 
Casein' 
Gelatine' 
Amino acid mix' 
Dextrin 
Corn oil 
Cod liver oil 
Mineral mix' 
Vitamin mix*'' 
Carboxymethyl cellulose 
o-Cellulose 
Total 
Total arginine 
Calculated crude protein 
Analysed crude protein 
Gross energy'(kj g"', dry diet) 
Diets 
1 
178 
44.5 
250.69 
260.72 
50 
20 
40 
30 
100 
26.09 
1000 
10 
400 
399 
17.90 
II 
178 
44.5 
248.29 
264.37 
50 
20 
40 
30 
100 
24.84 
1000 
12.5 
400 
400.5 
17.90 
III 
178 
44.5 
245.95 
267.89 
50 
20 
40 
30 
100 
23.66 
1000 
15 
400 
399.5 
17.90 
IV 
178 
44.5 
236 
282.96 
50 
20 
40 
30 
100 
18.54 
1000 
17.5 
400 
400.4 
17.90 
V 
178 
44.5 
233.54 
286.7 
50 
20 
40 
30 
100 
17.26 
1000 
20 
400 
400.2 
17.90 
VI 
178 
44.5 
231.21 
290.21 
50 
20 
40 
30 
100 
16.08 
1000 
22.5 
400 
400.9 
17.90 
O 2 
' Crude protein (800 g kg"'); Loba Chemie, India;' crude protein (930 g kg"'); Loba Chemie, India; ' essential amino acids (g kg"') arginine 
variable, histidine 3.42, isoleucine 21.56, leucine 18.21, lysine 12.44, methionine 10.23, phenylalanine 15.5, threonine 10.20, tryptophan 
4.58, valine 16.41. Nonessential amino acids cystine 8.89, tyrosine 8.88, alanine 13.22, aspartic acid 0.05, proline variable, glycine variable; 
(Loba Chemie, India)' Halver, 2002; ' 1 g vitamin mix + 2 g oKellulose;' calculated on the basis of fuel values 23.10, 20.21, 24.27,16.02 and 
37.65 kJ g"' for asein, gelatine, amino acids, dextrin, and fat respectively, as estimated on Gallenkamp ballistic bomb calorimeter. 
Chemical analysis 
Proximate composition of casein, gelatine, experimental diets 
and carcass composition of C. mrigala was estimated with 
standard AOAC (1995) techniques for dry matter (oven drying 
at 105 ± 1 °C for 22 h), crude protein (N-Kjeldahl x6.25), 
crude Upid (solvent extraction with petroleum ether at 40-
60 °C boiling point for 10-12 h) and ash (oven incineration at 
650 °C for 2-4 h). GE content was determined on a Gallenk-
amp ballistic bomb calorimeter (Gallenkamp, Loughbrough, 
UK). Amino acids analysis of casein and gelatine was made 
with the help of Beckman System Gold HPLC unit (Beckman 
Instruments Inc., San Ramon, CA, USA). To 100 mg dry 
powdered test sample was added 2 mL of 8 N sulphuric acid 
and the content sealed in glass ampule under vacuum. The 
content was boiled at 110 °C for 18-20 h for complete 
hydrolysis of protein, cooled and neutralized with saturated 
barium chloride solution and centrifuged at 10 000 g to get a 
clear supernatant of hydrolysed protein. The amino acids 
contained in the hydrolysed sample were derivatized using 
phenylisothiocyanate. A 100 ^L sample was mixed with 1 mL 
of coupling buffer (methanol : pyridine : Triethylamine 
(TEA): water, 10 : 5 : 2 : 3) followed by the addition of 
50 /iL of phenylisothiocyanate. After 5 min at room tem-
perature, the solvents were removed to a desiccator. The dried 
sample was then resolubilized in the starting buffer and fil-
tered. A known amount of the derivatized sample was injected 
for chromatography into the Beckman System Gold HPLC 
unit. A mixture of methanol-sodium acetate buffer (6.8 pH) 
4 6 g 10 
Dietary ration level (% dry diet) 
Figure 1 Second-degree polynomial relationship of feed conversion 
ratio to dietary ration levels. 
Oeriikon AG, Zurich, Switzeriand) and feed allowances 
adjusted accordingly. The feeding trial lasted for 8 weeks. 
Faecal matter and unconsimied feed, if any, were siphoned 
before feeding. The unconsumed feed was filtered over a 
screen soon after the active feeding, dried and weighed to 
measure the amount of feed consumed. The average water 
temperature, dissolved oxygen, free carbon dioxide, pH, total 
alkalinity, estimated using standard methods (APHA 1992), 
over the 8 weeks feeding trial, based on daily measurements 
were 26.5 ± 1.80 °C, 6.7 ± 1.0 mgL"', 8.20 ± 2.10 
mg L"', 7.1 ± 1.0, 65.8 ± 2.4 mg L"', respectively. 
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was used as the solvent. The contents were separated by using a 
ultrasphere ODS reverse phase column (Beckman Instruments 
Inc., San Ramon, CA, USA) fitted to HPLC system. Alkaline 
hydrolysis was carried out using barium hydroxide (3.2 g in 
5 mL distilled water) in the similar manner to analyse amino 
acids destroyed during the acid hydrolysis. The content was 
neutralized by adding the required amount of 8 N sulphuric 
acid. The chromatogram obtained was compared with that of 
the standard amino acid and the content of different amino 
acids quantified. This method allowed complete recovery of 
methionine but not cystine and tryptophan. Thus cystine was 
determined from the same acid hydrolysate after treatment 
with dithiothreitol and sodium tetrathionate (Inglis & Liu 
1970), and tryptophan was determined using the spectro-
photometric method of De Vries et al. (1980). 
Statistical analysis 
The response variables [weight gain%, FCR, protein effi-
ciency ratio (PER) and carcass composition] were subjected 
to one-way ANOVA (Snedecor & Cochran 1967; Sokal & 
Rohlf 1981). To determine significant diflerences (P < 0.05) 
among the treatments means, Duncan's multiple range test 
(Duncan 1955) was employed. Quadratic regression analysis 
(Zeitoun et al. 1976) was used to determine the break point in 
growth parameters, which represented the optimum arginine 
requirement for the fish. 
Results 
Over the 8-week growth trial, significant differences were ob-
served in live weight gain per cent of fingerling C. mrigala fed 
diets containing graded levels of dietary arginine (Table 2). 
Fish receiving 17.5 g kg"' arginine diet produced the maxi-
mum gain (321%) in live weight. Fish fed diet beyond 
17.5 g kg"' dietary arginine could not produce additional 
growth. Fish fed diets with lower arginine levels showed 
reduced weight gain and efficiency of feed utilization. The 
highest specific growth rate (2.54%), PER (1.78) and best FCR 
(1.40)werealsoobservedinfishfeddietcontainingl7.5 g kg"' 
arginine (diet IV). However, on subjecting the data on live 
weight gain and dietary levels of arginine to quadratic regres-
sion analysis, a break point was evident at 18.7 g kg"' dietary 
arginine level, corresponding to 46.7 g kg"' of dietary protein 
(Fig. 2). The relationship was described by the equation 
Y = 248.52 -^2 -(- na.ilXlX - 557.8653(r = 0.982) 
The FCR (Y) to dietary levels of arginine {X) relationship 
was best described by a second-degree polynomial regression 
analysis (Fig. 3). The relationship being; 
Y = 1.9857X^ - 7.3256A' + 8.1902(r = 0.993) 
The PER (10 to dietary levels of arginine (X) relationship 
was best described by a second-degree polynomial regression 
analysis (Fig. 4). The relationship being: 
Y = -1.2060^2 ^4.4182T - 2.38I2(/- = 0.973) 
Based on the above polynomial equations, the best FCR and 
PER occurred at arginine levels of approximately 18.4 and 
18.3 g kg"' of the dry diet, respectively. 
Carcass composition (Table 3) of C mrigala fed amino acid 
test diets varied significantly (P < 0.05) among various dietary 
groups. Significantly low moisture percentage was recorded in 
fish that fed diet containing 17.5 g kg"' dietary arginine 
Table 2 Growth, feed conversion ratio (FCR) and percentage survival of Indian major carp, Cirrhinus mrigala fed diets containing graded levels 
of arginine' 
Dietary arginine levels 
10 12.5 15.0 17.5 20 22.5 
Average initial weight (g) 
Average final weight (g) 
Live weight gain {%) 
Specific growth rate (SGR) 
Feed conversion ratio (FCR) 
Protein efficiency ratio (PER) 
Survival 
0.603 ± 0.003 
1.416 ±0.022 
134.82 ± 3.88* 
1.522 ± 0.03' 
2.88 ± 0.068' 
0.866 ± 0.02' 
100 
0.610 ± 0.003 
1.791 ±0.02 
193.75 ± 4.70" 
1.923 ±0.028' 
2.09 ± 0.040" 
1.203 ± 0.03" 
100 
0.605 ± 0.003 
2.350 ± 0.023 
288.45 ± 4.78'^ 
2.422 ± 0.020'" 
1.68*0.032' 
1.482 ± 0.020'^ 
100 
0.607 ± 0.004 
2.555 ± 0.025 
321.17 ±4.38* 
2.568 ± 0.010* 
1.40 ±0.035* 
1.785 ± 0.045* 
100 
0.608 ± 0.004 
2.451 ± 0.024 
303.04 ± 4.58" 
2.49 ± 0.020" 
1.59 ±0.046' 
1.570 ± 0.045" 
100 
0.611 ± 0.006 
2.313 ± 0.019 
278.27 ± 4.90' 
2.375 ± 0.020"' 
1.71 ±0.026' 
1.458 ± 0.023' 
100 
' Mean values of three replicates ± SEM. 
Mean values with the same superscript letters are insignificantly different (P > 0.05). 
C/-D _ (In mean final weight) (In mean initial weight) ^ , „ 
No. of days 
FCR = dry feed fed (g)/wet weight gain (g) 
pcD _ Weight gain (g, wet weipht basis) 
Protein intake (g, dry weight basis) 
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12.5 15 17.5 20 22.5 
Dietary arginine level (g t<g"' dry diet) 
Figure 2 Second-degree polynomial relationship of live weight gain 
to dietary arginine levels. 
12.5 15 17.5 20 22.5 
Dietary arginine level (g kg"' dry diet) 
Figure 3 Second-degree polynomial relationship of feed conversion 
ratio to dietary arginine levels. 
compared with other dietary arginine levels. Protein content in 
fish fed diet containing 17.5 g kg"' arginine was significantly 
(P < 0.05) higher, followed by those receiving diet containing 
15 and 20 g kg"' dietary arginine. Significantly (P < 0.05) 
lower fat value was recorded at the requirement level. Ash 
content was found to be significantly (P < 0.05) higher in fish 
fed 17.5 g kg"' arginine diet. However, fish fed diet with other 
levels showed lower ash content and remained insignificantly 
{P>0.05) diflerent. Fish fed diet containing 17.5 g kg"' 
arginine resulted in highest protein deposition, which was 
significantly (/" < 0.05) higher with other dietary groups. 
Discussion 
All fish species studied so far require the same 10 indispensable 
amino acids in their diets for maximum growth (Wilson 1985). 
10 12.5 15 17.5 20 22.5 
Dietary arginine level (g kg"' dry diet) 
Figure 4 Second-degree polynomial relationship of protein efficieticy 
ratio to dietary arginine levels. 
An indispensable amino acid deficiency may cause reduced 
growth and poor feed conversion (Wilson & Halver 1986). 
Therefore, satisfying the indispensable amino acids require-
ment of a species is important to prepare a well-balanced diet. 
Arginine biosynthesis occurs in mammals in the presence 
of enzymes of the urea (Drotman & Freedland 1972) and 
ornithine cycles (Jones 1985). Birds, on the contrary, cannot 
synthesize arginine from ornithine because of the lack of 
mitochondrial carbamyl phosphate synthetase, the initial 
enzyme of the urea cycle. The presence of a full urea cycle in 
teleostean fish (Huggins et at. 1969), including rainbow trout 
(Chiu et al. 1988), suggests a potential for arginine biosyn-
thesis. All species require substantial amounts of dietary 
arginine for maximum growth. This indicates that although 
an animal possesses the enzyme necessary for arginine syn-
thesis, the amount of arginine synthesized may not be enough 
to meet the need for maximum growth. In freshwater teleost, 
the activity of the urea cycle, a pathway for arginine syn-
thesis, is very low compared with mammals (Depeche et al. 
1979), consequently, the essentiality of arginine would be 
more pronounced in fish than in growing mammals. The 
metabolic demands of the different pathways could also 
interfere with the arginine requirement for protein synthesis, 
leading to very different dietary requirement for arginine. 
Teleost fish require the same 10 indispensable amino acids as 
most terrestrial animals, excepting arginine which is as much 
essential as in terrestrial carnivores (Kaushik 1998). Inclusion 
of an optimum amount of arginine is a prerequisite for the 
formulation of nutritionally adequate artificial diet for fish 
culture. The present finding indicates that 17.5 g kg"' dietary 
arginine is optimum for maximum growth of C. mrigala. Best 
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Table 3 Carcass composition of Indian major carp, Cirrhinus mrigala fed diets containing graded levels of arginine' 
Dietary arginine levels (g kg~') 
Ingredients Initial 10 12.5 15 17.5 20 22.5 
Moisture 
Protein 
Fat 
Ash 
Protein deposition 
788 ± 2.1 
131 ± 1.3 
32.3 ± 1.2 
31.7 ± 1 
770.1 ± 2.3' 
149.5 ± O.V 
41.8 ±0.7"^ 
22.8 ± O-S*" 
141.6 ± 4.6* 
761 ± 1.7" 
163.5 ± i . r 
43.2 ± 1 . 1 ' 
22.1 ± 1.3" 
753.6 ± 1.2"* 
174 ±0.7' 
39.6 * 1""" 
21.8 ± 1.2" 
217.1 ±4.5" 282.9 ± 4 ' 
736.1 ± 2.2" 
186.5 ± 1.4' 
34.5 ± 1.3« 
25.4 ± 1.1* 
363.9 ± 7.2* 
747 ± 2.6" 
178.1 ± l" 
38 ± 0.8" 
23.1 ± 2" 
304.2 ± 7.6" 
757.6 ± I.S"' 
168.2 ± 1.3" 
42.4 ± 1*" 
21.2 ±0.9" 
265 ± 7.2' 
Mean values of three replicates ± SEM. 
Values with the same superscript letters are insignificantly different (P > 0.05). 
feed efficiency at this level of dietary arginine is reflected by 
values obtained for FCR, weight gain, SGR and PER. Fish 
utilized 17.5 g kg"' of dietary arginine to synthesize maximum 
carcass protein and inclusion of arginine at more than 
17.5 g kg"'ofthe diet did not improve carcass protein content. 
This may be the result of excess intake of arginine resulting in 
poor growth because disproportionate amount of one amino 
acid affects the utilization of the other amino acids (Coloso 
el al. 1999). Reduction in growth rate offish fed higher levels of 
arginine may also be the result of toxic effects (Choo el al. 
1991) and stress caused by excess amount of amino acid in the 
body of the fish leading to extra energy expenditure towards 
deamination and excretion ofthe same (Walton 1985). Similar 
growth depressing effect of feeding more amounts of arginine 
than optimum was also evident in other Indian major carp, 
C. ca//a (Ravi & Devaraj 1991). Minimum carcass fat recorded 
at 17.5 g kg"' arginine indicated that dietary fat at this level 
probably spared protein for growth. Quadratic regression 
analysis of growth response data indicated the dietary 
requirement to be at 18.7 g kg"' of dry diet (Fig. 2). However, 
quadratic regression analyses of FCR and PER data indicated 
the optimum requirement at 18.4 and 18.3 g kg"' ofthe dry 
diet, respectively. Based on the above results, the recommen-
ded optimimi dietary arginine requirement of C. mrigala is 
18.4 g kg"' arginine of the dry diet, corresponding to 
46 g kg"' of dietary protein, a value comparable with the 
requirements reported for other fish species (Table 4). 
The wide variations observed in the requirement level for 
arginine among fish species may be the result of differences in 
the methodologies used such as the nature of the dietary 
Table 4 Dietary arginine requirement of different fish species (g kg ' dietary protein) 
Fish species Arginine (g kg"') Crude protein (g kg ') References 
Mrigal 
Catia 
Rohu 
Rohu 
Common carp 
Japanese eel 
Milkfish 
Channel catfish 
Coho salmon 
Chum salmon 
Rainbow trout 
Hybrid striped bass 
Sea bass 
Yellow perch 
African catfish 
Japanese flounder 
Mozambique tilapia 
Gilthead sea bream 
Silver perch 
Red drum 
Nile tilapia 
Atlantic salmon 
' Fry; ^  fingerling 
46 
48 
58 
29.4 
43 
45 
52.5 
43 
58 
60 
40 
40 
39 
43 
46 
43 
40 
SO 
68 
SO 
42 
41 
51 
400 
400 
400 
350 
385 
380 
450 
240 
400 
400 
400 
330 
400 
330 
400 
500 
400 
400 
400 
450 
280 
400 
440 
Present study 
Ravi & Devaraj (1991) 
'Murthy & Varghese (1995) 
^Khan & Jafri (1993) 
Nose (1979) 
NRC (1993) 
Borlongan & Coloso (1993) 
NRC (1993) 
NRC (1993) 
NRC (1993) 
NRC (1993) 
Griffin eta/. (1994) 
Tibaldi eta/. (1994) 
Twibell & Brown (1997) 
Fagbenro eta/. (1999) 
Alam et a/. (2002) 
Jackson & Capper (1982) 
NRC (1993) 
Ngamsnae et al. (1999) 
Barziza et al. (2000) 
Santiago & Lovell (1988) 
Lall et al. (1994) 
Berge et al. (1997) 
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protein sources in the test diets, the reference protein, the 
amino acid pattern being mimicked and the culture condi-
tions (Luzzana et al. 1998). The variation may also be related 
to real species differences. Kim et al. (1992) pointed out that 
large variation in the values for arginine requirements may be 
the result of differences in the composition of basal diet used 
for different experiments. It has also been suggested that the 
wide variability and the reliability of arginine requirements of 
fish may be affected by fish size and age, feeding regime, feed 
allowance, adequate levels of other nutrients, water tem-
perature, flow rate, stock density, environmental and culture 
conditions adopted in different laboratories (Cowey & Lu-
quet 1983; Tacon & Cowey 1985; Chiu et al. 1988). Digest-
ibility, amino acid profile and energy content may also bring 
about variable effects in amino acid requirement studies 
(Simmons et al. 1999; De Silva et al. 2000). 
Arginine deficiency causes reduced growth and protein 
retention as shown in European sea bass (Tibaldi et al. 1994) 
and coho salmon (Luzzana et al. 1998). Except for loss of 
appetite and low feed efficiency which resulted in depressed 
growth in C. mrigala fed diets containing less than 
17.5 g kg"' dietary arginine, no diet-related mortality or 
morphological symptoms of arginine deficiency were 
observed. However, fish fed diets with arginine above the 
requirement level could not produce additional growth. As is 
evident from the growth curve, no clear sign of antagonism 
between arginine and lysine was observed in the present 
study, beyond the dietary arginine requirement level. Based 
on the quadratic regression analysis of FCR and PER data, 
and also the highest protein deposition value, an inclusion of 
18.4 g kg"' dietary arginine, corresponding to 46 g kg"' 
dietary protein, is recommended for optimum growth of 
fingerling C. mrigala. The data generated in the present study 
on the quantitative dietary arginine requirement of C. mri-
gala would be useful in developing arginine balanced prac-
tical diets for the intensive culture of this species. 
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Abstract 
An 8-week growth study was conducted to quantify the dietary lysine requirement of fmgerling 
Indian major carp, Cirrhinus mrigala (4.30 ± 0.25 cm; 0.63 ± 0.02 g) using diets containing casein 
and gelatin as sources of intact protein, supplemented with crystalline amino acids. Amino acid test 
diets (40% CP and 4.28 kcal g~ ' GE) with graded levels of lysine (1.50,1.75,2.00,2.25,2.50 and 2.75 
g/100 g, dry diet) were formulated. Fish were randomly stocked, in triplicate groups, in 55-1 indoor 
polyvinyl flow-through circular tanks and fed experimental diets at 5% of their body weight/day 
divided over two feedings at 0800 and 1600 h. Maximum live weight gain (298%) and feed conversion 
ratio (1.51) occurred at 2.25% dietary lysine. Second-degree polynomial regression analysis of live 
weight gain, FCR and PER data indicated requirements for lysine at 2.38,2.30 and 2.29 g/100 g of dry 
diet, respectively. Significantly (P<Q.QS) higher protein and low carcass moisture were recorded at 
the requirement level. Carcass fat was found to be significantly higher at 2.25% lysine with the 
exception of 2.00% lysine diet where it was not different Ash content of fish fed diets with different 
lysine levels did not differ except at 1.50% and 2.75% lysine diet where significantly higher and lower 
ash was noticed. Based on above results, it is recommended that the diet for C. mrigala should contain 
lysine at 2.30 g/100 g of dry diet, corresponding to 5.75 g/100 g of dietary protein for optimum growth 
and efficient feed utilization. No mortality was observed during the experiment. 
© 2004 Elsevier B.V. All rights reserved. 
Keywords: Dietary lysine requirement; Fingerltng Cirrhinus mrigala 
1. Introduction 
Supplementary feeding has become an integral part both in hatcheries and growout 
ponds under semi-intensive and intensive fish farming systems. In improved extensive and 
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semi-intensive operations, formulated feed is used as a supplementary source of nutrients 
for direct consumption, while natural food organisms still remain the major source of food. 
In intensive culture where contribution of natural organisms is not significant with respect 
to stocking density, formulated feeds are used as the only source of dietary nutrients 
satisfying the nutritional needs of the concerned species. 
Formulation of such balanced feeds requires complete knowledge of the nutritional 
requirements of the cultured species. The major constraints in formulating cost-effective 
diets are a lack of information on nutritional requirements of fish and the digestibility of 
suitable feed ingredients (Tacon, 1994; McGoogan and Reigh, 1996). The survival, 
healthiness, growth and efficient feed utilization of fish depend on the nutritive value of 
feeds. Apart fi^om optimal protein quantity, quality in terms of amino acids profile in the 
feed assumes greater significance for maximal growth in fish. It is known to increase the 
carrying capacity of culture systems and can enhance fish production by many fold 
(Hepher, 1975). 
Dietary protein constitutes one of the primary nutrient costs of the feed and is the initial 
source of nitrogen waste products entering a culture system. Optimization of dietary 
protein levels along with increasing nutrient retention by the fish could reduce nitrogen 
loading and positively influence production costs (Thoman et al., 1999). Protein is 
essential for growth and development. It provides the body with energy and is needed 
for the synthesis of hormones, antibodies, enzymes and tissues. It is usually considered to 
be the most important nutrient in fish feeds (Keembiyehetty and Gatlin, 1992). Fish 
generally have a higher protein requirement than land animals (Lovell, 1989). The gross 
dietary protein requirement is directly influenced by the amino acid composition of the 
diet. All fish species studied to date have been shown to require 10 indispensable amino 
acids in their diet for maximum growth (Wilson, 1985). An indispensable amino acid 
deficiency may cause reduced growth and poor feed conversion (Wilson and Halver, 
1986); therefore, satisfying the indispensable amino acid requirements of a species is of 
utmost importance in preparing well-balanced diets. 
The requirements for all 10 indispensable amino acids have been established only for nine 
cultured fish species such as chinook salmon, channel catfish, Japanese eel, (NRC, 1993), 
coho salmon, (Arai and Ogata, 1993), chum salmon, (Akiyama and Arai, 1993), common 
carp, (Nose, 1979), Nile tilapia, (Santiago and Lovell, 1988), Indian major carp, catla, Catla 
catla (Ravi and Devaraj, 1991), milkfish, Chanos chanos (Borlongan and Coloso, 1993). 
Amino acids are required by all fish species, and lysine is of particular concern because 
it is the indispensable amino acid found in the highest concentration in the carcass of many 
species offish (Wilson and Cowey, 1985; Wilson and Poe, 1985; NRC, 1993). Lysine is 
generally the most limiting amino acid in the ingredients used to prepare fish feeds (Harris, 
1980; Forster and Ogata, 1998; Small and Soares, 2000) and is indispensable for all finfish 
species studied. It serves along with methionine as a precursor to carnitine, which is 
involved in the transportation of long chain fatty acyl groups into the mitochondria for beta 
oxidation (Walton et al., 1984). Moreover, lysine is the limiting amino acid in cereal grains 
which are important feedstuffs locally available for formulating fish diets (Tantikitti and 
Chimsung, 2001). 
Dietary lysine requirements have been quantified for a number of fish species, these 
include channel catfish, Mossambique tilapia, rainbow trout, European sea bass, red drum. 
/. Ahmed. MA. Khan /Aquacullure 235 (2004) 499-511 501 
hybrid striped bass, Atlantic salmon, rohu, yellow tail, African catfish, (Wilson, 2002), 
freshwater catfish, (Tantikitti and Chimsung, 2001) and Asian sea bass, (Gunrea et al., 2001). 
Indian major carps, catia, C. catla, rohu, Labeo rohita and mrigal, Cirrhinus mrigala arc 
fast-growing fishes attaining marketable size of 800-1000 g in less than a year, and arc 
generally propagated on extensive and/or intensive scale in polyculture systems (Jhingran 
and Pullin, 1988). C. mrigala, a detritus eater, forms an important component of polyculture 
with the other species of major carps. Although the dietary protein requirement of fingerling 
C. mr/^a/a has been quantified (Singh etal., 1987;Swamyetal., 1988;Mohantyetal., 1990; 
Das and Ray, 1991; De Silva and Gunasekera, 1991; Khan, 1991), no information is 
available on its essential amino acid requirements. The present investigation was, therefore, 
undertaken to determine the optimum dietary lysine requirement of fingerling C. mrigala. 
2. Materials and methods 
2.1. Experimental diet 
Six isonitrogenous (40% CP) and isocaloric (4.28 kcal g~ ', GE) amino acid test diets 
were formulated using casein (fat-free), gelatin and L-crystalline amino acids with graded 
levels of lysine (Table 1). The dietary protein level was fixed at 40% CP, reported optimum 
for the growth of C. mrigala (Khan, 1991). L-crystalline amino acids, excluding the test 
amino acid lysine, were used to simulate the amino acid profile of the experimental diets to 
that of 40% whole chicken egg protein. The levels of L-lysine were in increments of 0.25 g/ 
100 g. A casein-gelatin ratio, contributing the minimum quantity of the test amino acid and 
maximum quantities of other amino acids, was maintained. To make the diets isonitroge-
nous, lysine was quantitatively increased at the expense of glycine and proline. a-Cellulose 
was used to make the diets isoenergetic. The levels of lysine in the amino acid test diets were 
fixed on the basis of information available for the other Indian major carps, C. catla (Ravi 
and Devaraj, 1991) and L. rohita (Khan and Jafii, 1993; Murthy and Varghese, 1997). Pre-
weighed quantities of L-crystalline amino acids and salt mixture were thoroughly stirred in 
hot water (80 °C) in a steel bowl attached to a Hobart electric mixer. The pH of the resulting 
mixture was adjusted to neutral with 6 N NaOH solution (Nose et al., 1974). Gelatin was 
dissolved separately in a volume of water with constant heating and stirring and then 
transferred to the above mixture. The mixer bowl was removed fixjm heating and dextrin 
added. Other dry ingredients and oil premix, except caiboxymethylcellulose, were added to 
the lukewarm bowl (40 °C) one by one with constant mixing. Caiboxymethylcellulose was 
added in the last, and the speed of the blender was gradually increased as the diet began to 
harden. The dough was passed through a pelletizer fitted with a 2-mm die to obtain pellets 
which were dried in an hot air oven at 40 "C to reduce the moisture content below 10%. The 
dry pellets were crumbled, sieved and stored at 4 °C until used. 
2.2. Experimental design and feeding trial 
Fingerlings of C. mrigala produced by induced breeding were obtained fiom Govern-
ment Fish Hatchery, Faridpur, Bareilly, India. These were transported to the laboratory in 
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Table I 
Composition of experimental diets used for estimating the dietary lysine requirement of fmgerling Cirrhimis 
mrigala 
Ingredients (g/lOO g, dry diet) 
Casein' 
Gelatin'' 
Amino acid mix' 
Dextrin 
Com oil 
Cod liver oil 
Mineral mix** 
Vitamin mix' 
Carboxymethyl cellulose 
Alpha cellulose 
Total 
Total lysine 
Analyzed lysine 
Calculated crude protein (%) 
Analyzed crude protein (%) 
Gross energy'^(kcal/IOO g, dry diet) 
Diets 
1 
16.00 
4.00 
25.197 
29.040 
5.00 
2.00 
4.00 
3.00 
10.00 
1.763 
100.00 
1.50 
1.48 
40.00 
39.83 
428.00 
II 
16.00 
4.00 
25.212 
29.018 
5.00 
2.00 
4.00 
3.00 
10.00 
1.770 
100.00 
1.75 
1.73 
40.00 
40.08 
428.00 
III 
16.00 
4.00 
25.232 
28.986 
5.00 
2.00 
4.00 
3.000 
10.00 
1.782 
100.00 
2.00 
2.06 
40.00 
40.05 
428.00 
IV 
16.00 
4.00 
25.252 
28.956 
5.00 
2.00 
4.00 
3.00 
10.00 
1.792 
100.00 
2.25 
2.27 
40.00 
39.98 
428.00 
V 
16.00 
4.00 
25.272 
28.925 
5.00 
2.00 
4.00 
3.00 
10.00 
1.803 
100.00 
2.50 
2.48 
40.00 
40.02 
428.00 
VI 
16.00 
4.00 
25.282 
28.912 
5.00 
2.00 
4.00 
3.00 
10.00 
1.806 
100,00 
2,75 
2.78 
40.00 
40.09 
428.00 
' Crude protein (80%), Loba Chemie, India. 
'' Crude protein (93.00%), Loba Chemie. 
'Essential amino acids (g/lOO g) arginine 1.658, histidine 0.392, isoleucine 2.262, leucine 1.072, lysine 
variable, methionine 1.086, phenylalanine 1,648, threonine 1.092, tryptophan 0.472, valine 1.770. Non-essential 
amino acids cystine 0.896, tyrosine 0.980, alanine 1.420, aspartic acid 0.144, proline variable, glycine variable 
(Loba Chemie). 
'' Halver (2002). 
' Ig vitamin mix + 2g a<ellulose. 
"^Calculated on the basis of fuel values 5.52, 4.83, 5.8, 3.83 and 9.00 kcal/g for casein, gelatin, amino acids, 
dextrin, and fat, respectively, as determined on Gallenkamp ballistic bomb calorimeter. 
oxygen-filled polythene bags, given a prophylactic dip in KMn04 solution (1:3000) and 
stocked in indoor circular aluminium plastic lined (Plastic Crafts, Mumbai, India, 4 x 3 x 3 
ft) fish tanks (water volume, 600 1) for a fortnight. During this period, fish were fed to 
satiation a mixture of soybean, mustard oil cake, rice bran and wheat bran in the form of 
moist cake, twice daily, at 0800 and 1600 h. Later, these fishes were acclimated for 2 weeks 
on casein-gelatin based (40% CP) H-440 diet (Halver, 2002). In order to determine the 
proper ration, a preliminary feed trial was conducted. Fish (3.95 ± 0.50 cm; 0.50 ± 0.02 g) 
were fed graded levels of ration size (2%, 4%, 6%, 8%, and 10% body weight per day, dry 
diet) in triplicate for 6 weeks, and weekly weight gains recorded. On subjecting the FCR ( Y) 
and ration level (A^ data to quadratic regression analysis (Zeitoun et al., 1976), a break-point 
was evident at 5.0% ration level, on a dry-weight basis. The relationship being; 
Y = 0.0745.r - 0.7691x + 3.760 {r = 0.980; P < 0.05) 
C. mrigala fingcrlings (4.30 ± 0.25 cm, 0.62 ± 0.02 g) were then randomly stocked, in 
triplicate groups of 20 fish each, in 70-1 polyvinyl indoor circular troughs (water volume 55-
1), supplied with ground water (1-1.51 /min) for each dietary treatment level. As described 
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earlier, fish were fed the test diets in the form of dry crrimblcs at a rate of 5% body weight/day 
divided itito two equal portions and fed at 0800 and 1600 h. No feed was offered to the fish 
on the day of weighing. Initial and weekly weights were recorded on a top-loading balance 
(Precisa 120A) and feed allowances adjusted accordingly. The feeding trial lasted for 
8 weeks. Fecal matter and unconsumed feed were siphoned before feeding. Uneaten food, if 
found, was filtered over a screen soon after active feeding, dried and weighed to measure the 
amount of feed consumed. The average water temperature, dissolved oxygen, free carbon 
dioxide, pH, total alkalinity, estimated using standard methods (APHA, 1992), over the 8-
week feeding trial, based on daily measurements, were 26.5 ± 1.80 °C, 6.7 ± 1.0 mg/1, 
8.20 ±2.10 mg/1, 7.10 ± 1.0, 65.80 ± 2.40 mg/1, respectively. 
2.3. Chemical analysis 
Proximate composition of casein, gelatin, experimental diets and carcass composition of 
C. mrigala was estimated with standard AOAC (1995) techniques for dry matter (oven 
drying at 105 ± 1 °C for 22 h), crude protein (N-Kjeldhal x 6.25), crude lipid (solvent 
extraction with petroleum ether B.P. 40-60 °C for 10-12 h) and ash (oven incineration at 
650 °C for 2-4 h). Gross energy content was determined on a Gallenkamp ballistic bomb 
calorimeter (Loughbrough, UK). Amino acid analysis of casein and gelatin was made with 
the help of Beckman System Gold HPLC unit. To 100-mg dry powdered test sample was 
added 2 ml of 8 N sulphuric acid and the content sealed in a glass ampule under vacuum. The 
content was boiled at 110 °C for 18-20 h for complete hydrolysis of protein, cooled and 
neutralized with saturated barium chloride solution and centrifliged at 10,000 x g to get a 
clear supernatant of hydrolyzed protein. The amino acids contained in the hydrolysed 
sample were derivatized using phenylisothiocyanate. A lOO-^ il sample was mixed with 1 ml 
of coupling buffer (methanol/pyridine/TEA/water, 10:5:2:3) followed by the addition of 50 
nl of phenylisothiocyanate. After 5 min at room temperature, the solvents were removed to a 
desiccator. The dried sample was then resolubilized in the starting buffer and filtered. A 
known amount of the derivatized sample was injected for chromatography into the Beckman 
System Gold HPLC unit. A mixture of methanol-sodium acetate buffer (6.8 pH) was used 
as the solvent. Separation was carried out on an ultrasphere ODS reverse phase column fitted 
to HPLC system. Alkaline hydrolysis was carried out using barium hydroxide (3.2 g in 5-ml 
distilled water) in the similar way to analyse amino acids destroyed during the acid 
hydrolysis. The content was neutralized by adding the required amount of 8 N sulphuric 
acid. The chromatogram obtained was compared with that of the standard amino acids and 
the content of different amino acids quantified. This method allowed complete recovery of 
methionine but not cystine and tryptophan. Thus, cystine was determined from the same acid 
hydrolysate after treatment with dithiothreitol and sodium tetrathionate (Inglis and Liu, 
1970), and tryptophan was determined using the spectrophotometric method of De Vries et 
al. (1980). 
2.4. Statistical analysis 
The response variables (weight gain %, feed conversion ratio, protein efficiency ratio, 
and carcass composition) were subjected to one-way analysis of variance (ANOVA) 
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(Snedecor and Cochran, 1967; Sokal and Rohlf, 1981). To determine significant diflcr-
ences (P<0.05) among the treatment means, Duncan's Multiple Range Test (Duncan, 
1955) was employed. Quadratic regression analysis (Zeitoun et al., 1976) was used to 
determine the break point in growth parameters, which represented the optimum lysine 
requirement for the fish. 
3. Results 
The percent live weight gain, specific growth rate (SGR), feed conversion ratio 
(FCR) and protein efficiency ratio (PER) of C. mrigala fed different levels of dietary 
lysine are presented in Table 2. Maximum live weight gain was evident in fish fed 
diets containing 2.25% dietary lysine (Diet IV). The overall growth of fish at this 
level of dietary lysine over the 8-week feeding trial was 298%. Specific growth rate 
was significantly (P<0.05) higher at 2.25% dietary lysine inclusion compared to the 
other dietary levels, excepting 2.50% lysine which showed no difference with that of 
2.25%. Significant differences were observed in feed conversion ratio with fish fed 
different levels of lysine and ranged between 1.51 and 2.98, with the best feed 
conversion ratio in fish fed 2.25% dietary lysine. The protein efficiency ratio (PER) of 
fish fed the diet containing 2.25% dietary lysine was significantly (/'<0.05) higher 
than those fed other dietary levels. Fish fed diets beyond 2.25% lysine could not 
produce additional growth whereas fish fed diets with lower lysine level showed 
reduced weight gain and efficiency of feed utilization. However, on subjecting the data 
on live weight gain and dietary level of lysine to second-degree polynomial regression 
analysis, a break-point was evident at 2.38% of dietary lysine corresponding to 5.95% 
1.45 1.7 1.95 2.2 2.45 2.7 
Fig. I. Second-degree polynomial relationship of live weigh! gain to dietary lysine levels. 
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of dietary protein (Fig. 1). The relationship described by the equation at 95% of the 
maximum slope was: 
Y = -191.9025.V- + 915.24!9jf - 804.1468 (r = 0.987; P < 0.05) 
The FCR (V) to dietary lysine levels {X) relationship was best described by second-
degree polynomial regression curve and the mathematical relationship was 
Y = 1.9691jc^  - 9.076ljt+ 12.0633 (r = 0.992; P < 0.05) 
Similarly, the PER ( ^ to dietary lysine levels (X) relationship was best described by 
second-degree polynomial regression curve. The relationship being; 
y=-1.0243^-f-4.7139;r-3.9261 (r = 0.948; f < 0.05) 
Based on the above polynomial equations, the best FCR and PER occurred at lysine levels 
of 2.30% and 2.29% of the dry diet. 
Carcass composition offish fed various diets is illustrated in Table 3. Moisture content 
offish fed different levels of dietary lysine decreased (F<0.05) with increasing lysine 
level up to 2.25% (diet IV) and thereafter an increase in moisture was noted. The protein 
content was (P<0.05) higher in fish fed diet containing 2.25% dietary lysine than those 
fed diets with other lysine levels. Maximum carcass fat was noted with fish fed 2.25% 
dietary lysine, which was not significantly different to that of fish fed 2.00% dietary 
lysine. However, lower fat {P<0.05) was noted in fish fed 1.50% and 1.75% lysine 
compared to those fed 2.50% and 2.75% dietary lysine. Ash content was not different 
among the treatments, except at 1.50% and 2.75% dietary lysine where a significantly 
higher and lower ash content was evident. Protein deposition in fish fed the diet with 
2.25% lysine was found to be significantly higher compared to the other dietary lysine 
levels (Table 2). 
4. Discussion 
Inclusion of an optimum amount of lysine is a prerequisite to the formulation of 
nutritionally adequate cost-effective diets for fish culture. The present finding indicates 
that 2.25% dietary lysine is optimum for maximum growth of C. mrigala. This level of 
dietary lysine also supported the best weight gain, specific growth rate and protein 
efficiency ratio. Quadratic regression analysis of growth response data indicated the 
dietary requirement to be at 2.38% of dry diet. However, quadratic regression analysis of 
FCR and PER data indicated the optimum requirement at 2.30% and 2.29% of the dry diet, 
respectively. Based on the above results, the optimum dietary lysine requirement of C. 
mrigala is recommended at 2.30% of dry diet, corresponding to 5.75% of dietary protein. 
The lysine requirement varies between 3.32% and 6.61% of protein among species and 
50K /. Ahmctl. MA. Khan I Aquacuhure 2ib (2004) 499-511 
within the same species (NRC, 1993; Forster and Ogata, 1998; Wilson, 2002). The lysine 
requirement of C. mrigala at 5.75% of dietary protein is very close to the requirement 
reported for common carp at 5.70% (Nose, 1979), rohu at 5.88% (Khan and Jafri, 1993), 
5.68% (Murthy and Varghese, 1997), and is lower than the requirement reported for catla 
at 6.20% (Ravi and Devaraj, 1991). 
The model used to analyse the dose-response relationship also influences the estimate 
of requirements, with the broken-line model generally gives lower estimates of require-
ments than nonlinear models (Baker, 1986). For this reason a nonlinear model, which 
more accurately describes the complex physiological response of living organisms and 
allows for prudent decisions pertaining to cost of nutrients (Pack et al., 1995), was chosen 
to analyse the data in this study. 
The wide variations observed in the requirement level for lysine among fish species 
may be due to the differences in the methodologies used such as the nature of the 
dietary protein sources in the test diets, the reference protein, which amino acid pattern 
is being mimicked, culture conditions and differences in species (Forster and Ogata, 
1998). The variation may also be related to real species differences. Kim et al. (1992) 
pointed out that large variation in the values for lysine requirements may be due to 
differences in the composition of basal diet used for different experiments and also 
suggested that the wide variability and the reliability of lysine requirements of fish may 
be affected by fish size and age, feeding regime, feed allowance, adequate levels of 
other nutrients, water temperature, flow rate, stock density, and environmental as well as 
other culture conditions adopted in different laboratories. Digestibility, amino acid 
profile and energy content may also bring about variable effects in amino acid 
requirement studies (Simmons et al., 1999; De Silva et al., 2000). Variations may also 
be attributed to true differences between phylogenetically distinct families or species 
(Akiyama et al., 1997). 
Lysine deficiency causes loss of appetite, resulting in low feed intake and reduced 
growth rate as shown in milkfish (Boriongan and Benitez, 1990) and rohu (Khan and 
Jafri, 1993; Murthy and Varghese, 1997). Except for loss of appetite and low feed 
efficiency which resulted in depressed growth in C. mrigala fed diets containing less 
than 2.25% dietary lysine, no diet-related mortality or morphological signs of lysine 
deficiency were observed. However, weight gain of C. mrigala decreased when lysine 
exceeded the requirement. The reduction in growth of mrigal fed higher concentrations of 
lysine (diet VI) was similar to results reported by other workers (Walton, 1985; Choo et 
al., 1991; Murthy and Varghese, 1997). As evident in the growth curve, no clear sign of 
antagonism between lysine and arginine was observed in the present study beyond the 
dietary lysine requirement level (diet V). However, reduction in growth of fish fed still 
higher amount of lysine (diet VI) may be due to the negative effects (lysine-arginine 
interaction) of excessive amount of free lysine at this level. Based on the quadratic 
regression analysis of FCR and PER data, and also the highest protein deposition value, 
an inclusion of 2.30% dietary lysine, corresponding to 5.75% dietary protein, is 
recommended for optimum growth of fingeriing C mrigala. The data generated in the 
present study on the quantitative dietary lysine requirement of C. mrigala would be 
useful in developing lysine balanced practical diets for the intensive culture of this 
species. 
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Abstract 
Indian major carp fingerling, Cirrhinus mrigala 
(3.85 ± 0.75 cm, 0.52 ± 0.21 g), were fed isonitrogen-
ous and isocaloric diets (40% crude protein, 
428 kcalg ~ \ gross energy) containing casein, gela-
tin and crystalline amino acids with graded 
levels of L-threonine (1.00,1J5,1.50, 1.75, 2.00 and 
2.25gl00g~\ dry diet) to determine the dietary 
threonine requirement The feeding trial was con-
ducted in triplicate for 8 weeks. Diets were fed twice 
a day at 08:00 and l&OO hours at 5% body 
weightday " \ The ration size and feeding schedule 
were worked out before the start of the feeding trial 
Highest weight gain (304%) and best feed conversion 
ratio (1.43) were evident in fish fed diet containing 
1.75% dietary threonine. Second-degree polynomial 
regression analysis of weight gain, feed conversion 
ratio and protein efficiency ratio data indicated the 
dietary threonine requirement to be at 1.84%, 1.81% 
and 1.78%, respectively, corresponding to 4.60%, 
4.52% and 4.45% of dietary protein. Minimum ca-
rcass moisture, fat and maximum carcass protein 
were evident in fish fed 1.75% threonine level. How-
ever, ash content did not affect body composition, 
except the 1.00% threonine level which showed a 
significantly higher ash content value. Based on the 
above results, it is recommended that the diet for C. 
mrigala should contain threonine at l.SOglOOg"' 
dry diet, corresponding to 4.50 g 100 g ~ * dietary pro-
tein for optimum growth and efficient feed utilization. 
Keywords: Cirrhinus mrigala, dietary threonine 
requirement growth studies 
Introduction 
Precise information on nutritional requirements of 
culturable fish species is essential to reduce feed cost 
by allowing provision of appropriate amounts of va-
rious nutrients for optimal growth and health. Of 
the nutrients required by fish, the indispensable ami-
no acids that make up the protein quality an ex-
pensive component in fish diet are of utmost 
importance because of their influence on fish growth 
and diet economics (National Research Council 
1993). 
In inland fisheries sector, Indian major carps, 
namely, catia, Catla catla, rohu, Labeo rohita and mri-
gal, Cirrhimis mrigala, comprise the major capture 
and culture fisheries (Jhingran 1991). These carps at-
tain a marketable size of 800-1000 g in less than a 
year and are generally propagated on extensive and/ 
or intensive scales in a polyculture system (Jhingran 
& Pullin 1988). Previous studies on the nutrition of 
these fishes have been confined to their protein and 
amino-acid requirements (Sen, Rao, Ghosh & Rout 
1978; Renukaradhya & Varghese 1986; Singh, Sinha 
& Kumar 1987; Shetty & Nandeesha 1988; Singh & 
Bhanot 1988; Swamy Mohanty & Tripathi 1988; Mo-
hanty Swamy & Tripathi 1990; Das & Ray 1991; De 
Silva & Gunasekera 1991; Khan 1991; Jena, Mukho-
padhyay Sarkar, Aravindakshan & Muduli 1996). 
Among the Indian major carps, C. mrigala is most 
widely cultured in India. 
Quantitative dietary amino-acid requirements for 
10 amino acids have been investigated for several 
aquaculture species such as chinook salmon. Oncor-
hynchus tshawytscha (Halver, Delong & Mertz 1957; 
National Research Council 1993), coho salmon, On-
corhynchus kisutch (Aral & Ogata 1993). common 
carp, Cyprinus carpio (Nose 1979), Japanese eel Angu-
illa japonica (National Research Council 1993), chan-
nel catfish, Ictalurus punctatus (National Research 
Council 1993), rainbow trout Oncorhynchus mykiss 
(Ogino 1980), Nile tilapia, Oreochromis niloticus 
(Santiago & Lovell 1988), Indian major carp, catla 
(Ravi & Devaraj 1991), chum salmon, Oncorhynchus 
162 2004 Blackwell Publishing Ud 
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keta (Akiyama & Arai 1993). sockeye salmon. 
Oncorhynchus nerka (National Research Council 
1993). milkfish. Chanos chanos (Borlongan & Coloso 
1993), white sturgeon, Acipenser transmontanus (Ng 
& Hung 1995) and striped bass, Morone saxatiUs 
(Smalls Scares Jr 1998). 
After lysine and methionine, threonine is the most 
limiting indispensable amino acid in practical ingre-
dients used for diet preparation. Dietary threonine 
requirements have been worked out for red drum, 
Sciaenops ocellatus (Boren & Gatlin III 1995). Indian 
major carp, rohu, L rohita (Murthy & \^rghese 
1996), striped bass, M. saxatiUs (Small & Soares ]r 
1999), juvenile striped bass, Morone chrysops x M. 
saxatilis (Keembiyehetty & Gatlin III 1997) and Euro-
pean striped bass, Dicentrarchus labrax (Tibaldi & 
Tulli 1999). 
Although the protein requirement of the Indian 
major carp, C. mrigala, has been quantified (Swamy 
et al. 1988: Mohanty et al. 1990; Das & Ray 1991; Khan 
1991), no information is available on its essential 
amino-acid requirements. Hence, the present in-
vestigation was undertaken to determine the 
optimum dietary threonine requirement of flngerling 
C mrigala. 
Materials and methods 
Experimental diet 
Six isonitrogenous (40% crude protein (CP)) and 
isocaloric diets (4.28 kcal g ~ \ gross energy) with 
graded levels of threonine were formulated, using 
casein (fat-free), gelatin and L-crystalline amino-acid 
premix (Table 1). The dietary protein level was fixed at 
40%, reported optimum for the growth of C. mrigala 
(Khan 1991). L-crystalline amino acids were used to 
simulate the amino-acid profile of the diets to that of 
40% whole chicken egg protein, excluding the test 
amino acid (threonine). The levels of L-threonine 
were in increment of 025 g.l00 g " ', dry diets. A 
casein-gelatin ratio, contributing minimum quan-
tity of the test amino acid and maximum quantities 
of other amino acids was maintained. The quantity 
of threonine was increased at the expense of glycine 
so as to make the diets isonitrogenous. The levels of 
threonine in the test diets were fixed on the basis of 
information available on the other Indian major 
carps, C. catla (Ravi & Devaraj 1991) and L. rohita 
(Murthy & \^rghese 19%). 
Pre-weighed quantities of L-crystalline amino 
acids and salt mix were thoroughly stirred in hot 
Table 1 Composition of experimental diets used for estimating the dietary threonine requirement of fingerling Cirrhinus 
mrigala 
Ingredients (g lOOg ~', dry diet) 
Casein* 
Gelatint 
Amino-acid mix) 
Dextrin 
Com oil 
Cod liver oil 
Mineral mlx§ 
Vitamin mix§,t 
Cart)oxymethyl cellulose 
a-CeOulose 
Total 
Total threonine 
Calculated crude protein (%) 
Analysed crude protein (%) 
Gross energyII (kcal 100g~' , dry diet) 
Diets 
1 
25.00 
6.25 
15.472 
27.96 
5.00 
2.00 
4.00 
3.00 
10.00 
1.318 
100.00 
1.00 
40.00 
40.05 
428.00 
H 
25.00 
6.25 
15.545 
27.65 
5.00 
2.00 
4.00 
3.00 
10.00 
1.355 
100.00 
1.25 
40.00 
39.90 
428.00 
HI 
25.00 
6.25 
15.615 
27.741 
5.00 
ZOO 
4.00 
3.000 
10.00 
1.394 
100.00 
1.50 
40.00 
39.85 
428.00 
IV 
25.00 
6.25 
15.684 
27.638 
5.00 
2.00 
4.00 
3.00 
10.00 
1.428 
100.00 
1.75 
40.00 
40.02 
428.00 
V 
25.00 
6.25 
15.755 
27.530 
5.00 
2.00 
4.00 
3.00 
10.00 
1.465 
100.00 
2.00 
40.00 
39.88 
428.00 
VI 
25.00 
6.25 
15.835 
27.410 
5.00 
2.00 
4.00 
3.00 
10.00 
1.505 
100.00 
2.25 
40.00 
40.09 
428.00 
*Crude protein (80%). Loba Chemie (Mumbal India). 
tCrude protein (93.00%), Loba Chemie. 
^Essential amino acids arginlne 1.15, histidine ai4. Isoleuclne 1.74. leucine 1D7. lysine ttSS. methionine a77. phenylalanine 1.16i threo-
nine variable, tryptophan 0.40. valine 1.12. Non-essential amino adds cystine a86. tyrosine 0i52, Alanine Q93. proline variable, glycine 
variable (Loba Chemie). 
§Halver. 2002. 
§.^ Ig vitamin mlx-t'2g a-cellulose 
II Calculated on the basis of fuel values 5.5Z 4.83. 5.80. 3.83 and 900 Itcal g ' for casein, gelatin, amino adds, dextrin and fat. respec-
tively as estimated on Gallenlcamp ballistic bomb calorimeter. 
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water (80 °C) in a steel bowl attached to a Hobart 
electric mixer. The pH of the resulting mixture was 
adjusted to neutral with 6 N NaOH solution (Nose, 
Aral, Lee & Hashimoto 1974). Gelatin was dissolved 
separately in a volume of water with constant heat-
ing and stirring and then transferred to the above 
mixture. The mixer bowl was removed from heating 
and dextrin was added. Other dry ingredients and oil 
premix, except carboxymethyl cellulose, were added 
to the lukewarm bowl (40 °C) one by one with con-
stant mixing. Carboxymethyl cellulose was added 
last and the speed of the blender was gradually in-
creased as the diet started to harden. The dough was 
passed through a pelletizer fitted with a 2-nim die to 
obtain pellets, which were dried in an hot air oven at 
40 "C to reduce the moisture content below 10%. The 
dry pellets were crumbled, sieved and stored at 4 °C 
until use. 
Experimental design and feeding trial 
Fingerling of C. mrigala were obtained from State 
Government Fish Hatchery (Plaridpur, Bareilly, India). 
These were transported to the wet laboratory in oxy-
gen-filled polythene bags, given a prophylactic dip in 
KMn04 solution (1:3000) and stocked in an indoor 
circular aluminium plastic lining (Plasticrafts, Mum-
bai, India, 4 ft x 3 ft x 3 ft) fish tank (water volume, 
600 L) for 14 days. During this period, the fish were 
fed to apparent satiation a mixture of soybean, mus-
tard oil cake, rice bran and wheat bran in the form of 
moist cake twice a day at 08:00 and 16.00 hours. 
Later, these fishes were acclimated for 2 weeks on a 
casein-gelatin-based (40% CP) H-440 diet (Halver 
2002). Fish were fed graded levels of ration size (2%, 
4%, 6%, 8% and 10% body weightday "') in tripli-
cates for 6 weeks and weekly weight gains were re-
corded. On subjecting the weight gain (Y) and ration 
level (X) data to quadratic regression analysis (Zei-
toun, Ullrey, Magee. Gill & Bergen 1976), a break point 
was evident at 5.00% ration level (Rg. 1), on dry to wet 
Cmrigata fingerling (3.85 ± 0.75 cm, 052 ± 0.21 g) 
were then randomly stocked in triplicate groups 
in 70 L circular polyvinyl troughs (water volume 
55 L) fitted with a continuous water Bow-through 
(1-15 L min ~') system at a rate of 20 fish per trough 
for each dietary treatment level. Fish were fed test 
diets in the form of dry pellet at a rate of 5% body 
weight day " ' twice daily at 08:00 and 16:00 hours. 
This amount was fixed as per the results obtained in 
4 6 e 10 
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Figure I Second-degree polynomial relationship of feed 
conversion ratio to dietary ration levels. 
a preliminary feed trial described eariier. The daily 
ration was subdivided into two equal halves and fed 
at 08:00 and 16K)0 hours. No feed was offered to the 
fish on the day the measurements were taken. Initial 
and weekly weights were recorded on a top loading 
balance and feed allowances were adjusted accord-
ingly The feeding trial lasted 8 weeks. Faecal matter 
was siphoned before feeding. Uneaten feed, if any 
was filtered on a screen soon after active feeding, 
and dried and weighed to measure the amount of 
feed consumed. V^^ ter temperature, pH, firee carbon 
dioxide, dissolved oxygen and total alkalinity during 
the feeding trial were recorded following the stan-
dard methods (APHA 1992). The average water 
temperature, dissolved oxygen, free carbon dioxide, 
pH and alkalinity over the 8 weeks feeding trial, 
based on daily measurements, were 26-27.5 °C, 
6.6-7.4ppm, 16-18mgL-\ 7.2-7.8 and 46-55 
mg L " ' respectively 
Chemical analysis 
The proximate composition of casein, gelatin, experi-
mental diets, initial and final carcass was determined 
using standard AOAC (1995) methods for dry matter 
(oven drying at 105 ± 1 X for 22 h), crude protein 
(N-Kjeldahl x 6.25), crude fat (solvent extraction 
with petroleum ether HP 40-60 "C for 10-12 h) and 
ash (oven incineration at 650 °C for 4-6 h). The gross 
energy content was determined on a Gallenkamp bal-
listic bomb calorimeter (Loughbrough, UK). Amino-
acid analysis of casein and gelatin was carried out 
with the help of Beckman System Gold HPLC unit 
(Beckman Instruments, San Ramon, CA, USA), lb 
100 mg dry powdered test sample 2mL of 8N 
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sulphuric acid was added and the content was sealed 
in a glass ampule under vacuum. The content was 
boiled at 110 °C for 18-20 h for complete hydrolysis 
of protein, cooled and neutralized with saturated 
barium chloride solution and centrifuged at 10000 j 
to obtain a clear supernatant of hydrolysed protein. 
The amino acids contained in the hydrolysed sample 
were derivatized using phenylisothiocyanate. A 
100 nL sample was mixed with 1 mL of coupling buf-
fer (methanol:pyridineTEA:water, 10:5:2:3) followed 
by the addition of 50 nL of phenylisothiocyanate. 
After 5 min at room temperature, the solvents were 
removed to a desiccator The dried sample was then 
resolubilized in the starting buffer and filtered. A 
known amount of the derivatized sample was in-
jected for chromatography into the Beckman Sjrstem 
Gold HPLC unit A mixture of methanol-sodium 
acetate buffer (6.8 pH) was used as the solvent Se-
paration was carried out on an ultrasphere ODS re-
verse-phase column fitted to HPLC System. Alkaline 
hydrolysis was carried out using barium hydroxide 
(3.2 g in 5 mL distilled water) in a similar way to ana-
lyse the amino acids destroyed during the acid hydro-
lysis. The content was neutralized by adding the 
required amount of 8 N sulphuric acid. The chroma-
togram obtained was compared with that of the stan-
dard amino acids and the content of different amino 
acids was quantified. This method allowed complete 
recovery of methionine but not cystine and tryp-
tophan. Thus cystine was determined from the same 
acid hydrolysate after treatment with dithiothreitol 
and sodium tetrathionate (Inglis & Liu 1970), and 
tryptophan was determined using the spectrophoto-
metric method of De Vries, Koshi, Egberg & Larson 
(1980). 
Statistical analysis 
Responses of C. mrigala fingerling fed graded levels of 
dietary threonine were measured by weight gain (%), 
feed conversion ratio (FCR), protein efficiency ratio 
(PER) and by analysing the carcass composition. The 
response variables were subjected to one-way ana-
lysis of variance (Snedecor & Cochran 1%7; Sokal & 
Rohlf 1981) to determine significant differences (P< 
0.05) among the treatments. Duncan's multiple range 
test (Duncan 1955) was also employed. Second-
degree polynomial regression analysis (Y = a+bX+cX^ 
(Zeitoun et aL 1976) was employed to growth para-
meters to predict a more accurate response to the 
dietary intake. The break point obtained represented 
the optimum threonine requirement of the fish. 
Results 
The growth performance of fingerling C. mrigala fed 
diets containing graded levels of threonine for 8 
weeks is shown in Table 2. Maximum weight gain 
(%), specific growth rate (SGR %), PER and best FCR 
were observed in fish fed the diet containing 1.75% 
threonine (diet IV). Poor growth and FCR values were 
evident below and beyond this level of threonine in-
clusion. No mortality was observed in fish fed the 
experimental diets during the experiment On sub-
jecting the growth data to second-degree polynomial 
regression analysis (Zeitoun et al. 1976), a break point 
was evident at 1.84% dietary threonine, correspond-
ing to 4.60% of dietary protein (Fig. 2), the relation-
ship being: 
y = - 234.7286X^ -I- 865.6896X 
- 498.6514 (r = 0.993; P < 0.05) 
The FCR in C. mrigala fingerling fed 1.75% threo-
nine diet differed significantly (P<0.05) from the 
other levels of threonine inclusion (Table 2). The FCR 
(Y) to dietary levels of threonine (X) relationship was 
best described by a second-degree polynomial regres-
sion analysis (Fig. 3) and the following mathematical 
relationship: 
i '=2.2457X^-8.1317X 
+ 8.8496 (r = 0.994; P < 0.05) 
The PER (Y) to dietary levels of threonine (X) rela-
tionship was best described by a second-degree poly-
nomial regression analysis (Fig. 4), the relationship 
being: 
y=-l.3206X^-1-4.7244X 
- 2.6145 (r = 0.965; P < 0.05) 
Based on the above polynomial equations, the best 
FCR and PER occurred at 1.81 % and 1.78% threonine 
of the dry diet respectively 
Carcass composition values of C. mrigala fed diets 
containing different levels of threonine are presented 
in Table 3. Carcass protein was found to be signifi-
cantly (P<0.05) higher at 1.75% dietary threonine 
followed by 1.50% and 21)0% dietary threonine le-
vels. Minimum carcass moisture was recorded in fish 
fed 1.75% threonine level, which was significantly 
(P<0.05) lower than that fed lower doses of threo-
nine levels. However, no significant differences in the 
moisture content were evident in fish fed higher 
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Table 2 Growth. FCR and percentage survival of Indian major carp, Cirrhinus mrigala, fed diets containing graded levels of 
dietary threonine* 
Average Initial weight (g) 
Average final weight (g) 
Live weight gain (%)t 
SGRt 
FCR§ 
PERI 
Suivjval 
Dietary threonine lev«l« 
AM 
0.521 ± 0.04 
1.193 ±0.02 
128.74 ± 3.99* 
1.47 ±0.03* 
2.98 ± 0.07* 
0.837 ± 0.02* 
100.00 
125 
0.515 ± 0.05 
1.670 ±0.03 
223.60 ± 3.55" 
2.09 ± 0.02" 
2.17 ± 0.05° 
1.150 ±0.03" 
100.00 
1.50 
0.518 ± 0.04 
1.851 ±0.020 
267.50 ± 3.72" 
2.32 ±0.017*= 
1.72 ±0.06°" 
1.451 ±0 .05 ' ' 
100.00 
175 
0.528 ± 0.006 
2.140 ±0.02 
304.46 ± 4.18* 
2.50 ± 0.01 • 
1.43 ±0.05* 
1.748*0.06* 
100.00 
2.00 
0.521 ± 0.006 
1.996 ±0.03 
282.76 ± 3.80° 
2.39 ± 0.02° 
1.67 ±0 .03" 
1.496 ±0.02° 
100.00 
2.25 
0.526 ± 0.004 
1.927 ± 0.04 
265.79 ± 4.45° 
2.31 ± 0.02° 
1.88 ±0.06° 
1.327 ±0.04° 
100.00 
'Mean values of three replicates ± SEM. 
tMean values sharing the same superscript are insignificantly diSerent (P > 0.0S). 
t 
_„_ (In mean final weight) - (In mean initial weight) 
oOlv rr r—; X 100. 
§FCR = dry food fed (g)/wet weight gain (g) 
PER = 
No. of days 
Weight gain (g, wet weight basis) 
Protein intake (g, dry weight basis) 
FCR, food conversion ratio: SGR, specific growth rate: PER, protein efficiency ratio 
y - - 2M 72«8«' • 4M.6S14 (r • 0 993) 
\ 1.2S t.S 1.7S 2 2.25 
DIETARY THREONINE LEVEL (% dry det) 
Figure 2 Second-degree polynomial relationship of live 
weight gain to dietary threonine levels. 
1.25 1.5 1.75 2 2.25 
DIETARY THREtJNlNE LEVEL (% dry dtel) 
Figure 3 Second-degree polynomial relationship of feed 
conversion ratio to dietary threonine levels. 
doses of dietary threonine. Maximum fat values vwere 
evident in fish fed 1.25%, 1.50% and 2 J 5 % threonine 
levels, whereas no significant difiierences were ob-
served in fat values of fish fed 150%, 1.75% and 
2.00% dietary threonine levels. Fish receiving diflier-
ent threonine levels, with the exception of those fed 
1.00% diet showed no significant differences in their 
ash content However, L00% dietary threonine level 
produced significantly (P < 0.05) highest ash values. 
Carcass protein deposition was found to be signifi-
cantly higher (P<0.05) at 1.75% dietary threonine 
(Fig. 5), whereas the lowest value was recorded in fish 
fed 1.00% and 1.25% dietary threonine. 
D i s c u s s i o n 
Growth is the result of intake of the indispensable ami-
no acids resulting in high protein deposition. Defi-
ciency of indispensable amino acids may cause 
reduced growth, poor feed conversion and some defi-
ciency symptoms (Wilson & Halver 1986), The utiliza-
tion of amino acids depends, in general upon the level 
of their intake and balance, availability, dietary energy 
and adequate levels of other nutrients in the diet 
Inclusion of optimum amount of threonine is a 
prerequisite for the formulation of nutritionally ade-
quate artificial feeds for the culture of a fish species. 
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The present finding indicates that 1.75% dietary 
threonine is optimum for the maximum growth of 
Gngerling C. mrigala. Best feed efficiency, expressed 
as the FCR. is a reflection of highest weight gain, best 
SGR and PER above the level of dietary threonine. 
Second-degree polynomial regression analysis of the 
growth response curve indicated dietary threonine 
to be at 1.84% of dry diet (Fig. 2). The break point ob-
tained at 1.84% threonine inclusion in the diet in-
dicates that increasing threonine beyond this level 
did not produce significant additional growth. How-
ever, second-degree polynomial regression analysis 
of FCR and PER data indicated the optimum require-
ment at 1.81 % and 1.78% of the dry diet respectively 
Based on the above results, the optimum dietary 
threonine requirement of C. mrigala Is recommended 
at 1.80% threonine of the dry diet, corresponding to 
4.50% of dietary protein. This value is similar to the 
requirements reported for the milkfish 4.50% (Bor-
longan & Coloso 1993), but is higher than the require-
ments reported for Indian major carp, rohu 4.28% 
(Murthy & V^rghese 1996), common carp 3.90% 
(Nose 1979), Japanese eel 4.00% (National Research 
Council 1993), chinook salmon 2.25% (Delong, Hal-
ver & Mertz 1962), channel catfish 2.00% (Wilson, Al-
len Jr, Robinson & Pbe 1978), rainbow trout 3.40% 
1M 15 175 2 22S 
DIETARY T>1REONINE LEVEL (% dry diet) 
Figure 4 Second-degree poljrnomial relationship of 
protein efficiency ratio to dietary threonine levels. 
(Ogino 1980). Mossambique tilapia 2.93% Gauncey, 
Tacon & Jackson 1983), chum salmon 3.00% (Akiya-
ma, Aral & Murai 1985). coho salmon 2.00% (Arai & 
Ogata 1993), Nile tilapia 3.75% (Santiago & Lovell 
1988), juvenile red drum 2.28% (Boren & Gatlin III 
1995), juvenile hybrid striped bass 2.60% (Keembiye-
hetty & Gatlin III 1997), juvenile European sea bass 
2.60% (Tibaldi & Tulli 1999) and juvenile striped bass 
2.45% (Small & Scares Jr 1999). The threonine re-
quirement obtained for C. mrigala is. however, lower 
than the requirements reported for Indian major 
carp, catla 4.95% (Ravi & Devaraj 1991) 
Carps do not have an acidic stomach and digestion 
proceeds in a neutral or slightly alkaline environ-
ment The consumption of an acidic amino-acid diet 
with a strong buffering capacity may disturb the nor-
mal assimilation of the ingested amino acids. Murai. 
Akiyama & Nose (1981) suggested that carp fingerling 
fed a gelatin diet, supplemented with essential amino 
acids coated with casein, and casein-gelatin control 
diet produced faster growth than fish fed all crystal-
line amino acids in the diet, and also suggested that 
the amino-acid coating by casein alters the relative 
absorption rate of certain amino acids in the guL Ad-
ditional evidence in support of this hypothesis was 
obtained by Murai, Akiyama, Ogata, Hirasawa & 
Nose (1982), who compared the change in the plasma 
free amino acids after feeding diets containing case-
in-coated and -uncoated amino acids. It was sug-
gested that the poor utilization of crystalline amino 
acids by carps could be the result of rapid excretion, 
which reduced the utilization of these amino acids 
for growth (Murai, Ogata,Takeuchl Watanabe & Nose 
1984). Khan & Jafri (1993) pointed out that in compar-
ison with an all-crystalline amino-acid diet, casein-
gelatin-coated diet indicated improved utilization 
of crystalline amino acids in L. rohita. presumably 
through increased retention in the gut 
The threonine requirement varies Irom 2.00% 
of dietary protein to 5.00% of dietary protein 
(Wilson 2002). The wide variations observed in the 
Table 3 Carcass composition of Cirrhtnus mrigala fed graded levels of dietary threonine* 
Dietary threonine level* 
1 M % 1.25 150 ITS 2M 2.25 
Moisture (%) 79.69 ±0.a3 77.36 ±0.60" 76.40 ± O.SS" 75.23 ± 0.34'« 74.70 ± 0.38° 75.30 ± 0.3tf" 76.20 ± 0 . 4 1 " ' 
Protein (%) 12.44 ±0.11 14.49 4 0.16* 15.83 ± 0.10^ 17.28 ± 0.09^" 18.41 ±0.10* 17.58*0.17* 17.05 ± 0.18' 
Fat (%) 3.08 ±0.14 4.02 ± 0.20* 4.33 ±0.14* 4.21 ± 0.06* 3.51 ± 0.11° 3.74 ± O.Orf" 4.36 ±0.12* 
Ash(%) 3.17 ±0.16 2.91 ±0.16* 2.32 ± 0.17° 2.24 ± 0.13* 2.26 ± 0.14" 2.30 ±0.17* 2.10 ± 0.15" 
'Mean value of three replicate ± SEM. Mean values with the same superscripts are insignificantly different (P> OLOS). 
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Figure S Relationship between protein 
deposition and dietary threonine levels. 
requirement levels for thceooiae amoc^ dififerent fish 
species may be due to the differences in size, age, la-
boratory conditions, including feeding regime, feed 
allowance, water temperature, flow rate and stock 
density, as also to the use of various ingredients for 
basal diets such as casein, gelatin, zela gluten, fish 
meal, soybean meal and crystalline amino acids in 
varying combinations as protein sources, and also 
due to the use of different response variables and sta-
tistical tests to establish requirements. The formula-
tion of amlno-acid test diets from purified and 
practical ingredients deficient in test amino acid dif-
fers maricedly with respect to their nutrient content 
digestibility and amino-acld profile and these may 
also alter the dietary amino-acid requirement values 
(Simmons, Moccia, Bureau, Sivak & Herbert 1999; De 
Silva, Gunasekera & Gooley 2000). Dietary amino-
acid requirements are also reported to be influenced 
by the feeding levels adopted (Baker 1984; Chiu, Aus-
tie & Rumsey 1988). In the present study on C. mrlga-
la, the feeding regime and ration size were worked out 
in a preliminary feed trial for ensuring faster feed 
consumption and growth. Decreased growth rate in 
fish fed diets with higher levels of threonine may be 
due to a toxic effect (Choo. Smith, Cho & Ferguson 
1991) and stress caused by excess threonine in the 
body offish, leading to extra energy expenditure to-
wards deamination and excretion (\A I^ton 1985). Ex-
cept for poor growth and a low feed efficiency, no 
pathological symptoms were observed in C. mrigala 
flngerling fed a threonlne-deflcient diet 
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Abstract 
An 8-week feeding trial was conducted to evaluate 
the effects of dietary tryptophan concentration on 
weight gain and feed efiSciencies of fingerling Indian 
major carp, Cirrhinus mrigala. Six isonitrogenous 
(40% crude protein) and isocaloric (17.90 kjg ~ ^ ) ami-
no acid test diets containing casein, gelatin and L-
crystalline amino acids with graded levels of L-tryp-
tophan (0.06.0.16.026.0.36.0.46 and 0.56 g 100 g " ' 
dry diet) were formulated. Fish (4.25 ± 0.30 cm. 
0.62 ± 0.02 g) were randomly stocked in triplicate 
groups in 70L (water volume 55 L) flow-through 
(1-1.5 L min ~') indoor circular tanks and fed experi-
mental diets at 5% of their body weight/day in two 
feedings at 08:00 and 16.00 hours. Maximum live 
weight gain (277%), lowest feed conversion ratio 
(FCR) (150) and highest protein efiBciency ratio 
(PER) (1.66) were measured at 0.36% dietary trypto-
phan. The relationship between dietary tryptophan 
levels and weight gain. FCR and PER data were de-
scribed using second-degree polynomial regression 
analjrsis indicating the tryptophan requirement at 
042,0.39 and 0.38 g 100 g " ^  of dry diet respectively 
Whole body moisture decreased with increasing 
tryptophan up to 036%. Significantly (P < 0.05) high-
er protein content was evident in fish fed diet con-
taining 0.36% tryptophan. Body fat increased 
significantly (P<0.05) in fish fed with different tryp-
tophan concentrations except those fed 0.36% tryp-
tophan where a significantly lower fat content was 
noted Significantly (P<0.05) higher ash content 
was reported at 0.06% and 0,16% tryptophan levels. 
Survival was 100% in fish fed all the diets except 
those fed 0.06% tryptophan. Based on the results, 
diets for fingerling C mrigala should contain trypto-
phan at 0.38gl00g" ' dry diet, corresponding to 
0.95 g 100 g ' dietary protein for optimum growth 
and efficient feed utilization. 
Keywords: Cirrhinus mrigala, dietary tryptophan 
requirement growth studies 
Introduction 
Feeding is an integral part of managed fish culture 
practices, where the focus is on maximum fish pro-
duction with minimum cost. Study of nutritional re-
quirements, information on digestibility coefficients 
for a wide range of ingredients, and data on the max-
imum inclusion level for key ingredients provide the 
basis for the use of least-cost programming to formu-
late diets (Cho & Kaushik 1985; tmC 1993). In fish cul-
ture operations, the highest cost is that of feed (De 
Silva 1988). Protein is essential for growth and devel-
opment as it provides the body with energy and is 
needed for the production of hormones, antibodies, 
enzymes and tissues. Dietary protein constitutes the 
primary nutrient cost of feed and is the source of 
nitrogen waste products in culture systems. Conse-
quently, optimization of dietary protein levels along 
with increasing nutrient retention by the fish could 
reduce nitrogen loading and positively influence pro-
duction costs (Thomaa Davis & Arnold 1999). The 
dietary requirement for protein is in fact a require-
ment for essential amino acids contained in dietary 
protein (Wilson 2002). Of all the nutrients required 
by fish, the indispensable amino acids that make up 
protein are generally considered of utmost impor-
tance because of their direct influence on fish growth 
and diet cost (NRC 1993). The gross dietary protein 
requirement is influenced directly by the amino acid 
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composition of the diet aad the concept of balance or 
pattern of amino acids is basic to protein requirement 
(Tibbetts, Lall & Anderson 2000). 
All fish species studied so far have been shown to 
require the 10 indispensable amino acids in their 
diets for maximum growth and an indispensable 
amino acid deficiency causes reduced growth and 
high feed conversion (Wilson 1985; Wilson & Haiver 
1986); therefore, satisfying the indispensable amino 
acid requirements of a species is of utmost impor-
tance in preparing well-balanced diets. 
Quantitative dietary amino acid requirements of all 
essential amino acids have been reported for several 
aquaculture species such as chinook salmon, Oncor-
hynchus tshawytscha; channel catfish, Ictalurus punc-
tatus; Japanese eel, AnguiUajaponiccc sockeye sahnon, 
Oncorhynchus nerka (NRC1993); common carp, Cypri-
nus carpio (Nose 1979); rainbow trout, Oncorhynchus 
mykiss (Ogino 1980); Nile tilapia. Oreochromis niloti-
cus (Santiago & Lovell 1988); Indian major carp, catla, 
Catla catla (Ravi & Devaraj 1991); echo salmon, Oncor-
hynchus kisutch (Arai & Ogata 1993); chum salmon, 
Oncorhynchus keta (Akiyama & Arai 1993) and milk-
fish, Chanos chanos (Borlongan & Coloso 1993). 
Amino acids are required by all fish species, and 
tryptophan is of particular concern. Tryptophan 
plays an Important role in the brain as a precursor of 
the neurotransmitter serotonin, which has a major 
efiect on the feeding behaviour of animals among its 
many functions (Blundell & Latham 1978; Tackman, 
Twes & Harper 1990; Mullen & Martin 1992). The 
dietary tryptophan requirement has been worked 
out for a limited number of cultured fish species such 
as sockeye salmon (Haiver 1%5), rainbow trout (Post-
on & Rumsey 1983; VA&lton, Coloso, Cowey, Adron & 
Knox 1984; W^ton. Cowey Coloso & Adron 1986; 
Kim, Kayes & Amundson 1987), gilthead sea bream, 
Sparus aurata (Luquet & Sabaut 1974; Kaushik 1998), 
Indian major carp, rohu, Labeo rohita (Khan & Jafri 
1993; Murthy & V&rghese 1997) and African catfish, 
Clarias gariepinus (Piagbenro & Nwanna 1999). 
In inland fisheries sector, Indian major carps, 
namely catla, Catla catla; rohu, Labeo rohita and mri-
gaL Clrrhinus mrigala, comprise the major capture 
and culture fisheries (fhingran 1991). These carps at-
tain marketable size of 800-1000 g in less than a year 
and are generally propagated on extensive and/or in-
tensive scales in a polyculture system (Jhingran & 
PuUin 1988). Although the dietary protein require-
ment of fingerling C. mrigala has been reported (Singh. 
Sinha & Kumar 1987; Swamy, Mohanty & Tripathi 
1988; Mohanty Swamy & Tripathi 1990; Das & Ray 
1991; De Silva & Gunasekera 1991; Khan 1991), except-
ing the data available on methionine (Ahmed, Khan & 
Jafri 2003). threonine (Ahmed. Khan & Jafri 2004), ly-
sine (Ahmed & Khan 2004a) and arginine (Ahmed & 
Khan 2004b). no information is available on its other 
essential amino acid requirements. Hence, the present 
investigation was undertaken to determine the dietary 
tryptophan requirement of fingerling C mrigala. 
Materials and methods 
Experimental diet 
Six isonitrogenous (40% crude protein (CP)) and iso-
caloric (17.90kjg"* gross energy) diets (I-VI) with 
graded levels of tryptophan were formulated using 
casein (fat-free), gelatin and L-crystalline amino acid 
premix (Table l).The dietary protein level was fixed at 
40%, reported optimum for the growth of C. mrigala 
(Khan 1991). L-crystalline amino acids were used to 
adjust the amino acid profile of the diets to that of 
40% whole chicken egg protein, excluding the test 
amino acid (tryptophan). The levels of L-tryptophan 
were in increments of O.lOglOOg"^ dry diets. A 
casein-gelatin ratio, contributing minimum quan-
tity of the test amino acid and maximum quantities 
of other amino acids, was maintained. The quantity 
of tryptophan was increased at the expense of gly-
cine, glutamic acid and aspartic acid so as to make 
the diets isonitrogenous. The levels of tryptophan in 
the test diets were fixed on the basis of information 
available on the other Indian major carps, C. catla 
(Ravi & Devaraj 1991) and L rohita (Khan & Jafri 
1993; Murthy & Varghese 1997). 
Pre-weighed quantities of L-crystalline amino 
acids and salt mix were thoroughly stirred in hot 
water (80 °C) in a steel bowl attached to an electric 
mixer. The pH of the resulting mixture was adjusted 
to neutral with 6-N NaOH solution (Nose, Aral Lee & 
Hashimoto 1974). Gelatin was dissolved separately in 
a volume of water with constant heating and stirring 
and then transferred to the mixture. The mixer bowl 
was removed from heating and dextrin added. Other 
dry ingredients and oil premix, except carboxy-
methyl cellulose, were added to the lukewarm bowl 
(40 °C) one by one with constant mixing. Carboxy-
methyl cellulose was added last and the speed of the 
blender was gradually increased as the diet started to 
harden. The dough was passed through a pelletizer 
fitted with a 2-mm die to obtain pellets, which were 
dried in an hot air oven at 40 °C to reduce the moist-
ure content below 10%. The dry pellets were 
crumbled, sieved and stored at 4 °C until used. 
688 © 2005 Blackwell Publishing Ltd. AquacuHun Researdi, J6, 687-695 
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Table 1 Composition (g 100 g ~' dry diet) of experimental diets used for estimating the dietary tryptophan requirement of 
Hngerling CInhinus mrigala 
Ingredienls(g100a 'drydiet) 
Casein* 
Gelatint 
Amino acid mix) 
Dextrin 
Com oil 
Cod liver oil 
Mineral mix§ 
Vitamin mix§1' 
Cartxjxymethyl cellulose 
a-celulose 
Total 
Total tryptophan 
Calculated crude protein (%) 
Analyzed crude protein (%) 
Gross energy (kJg " ' dry diet) || 
Experimental diets 
1 
7.50 
1.875 
37.109 
25.94 
5.00 
2.00 
4.00 
3.00 
10.00 
3.576 
100.00 
0.06 
40.00 
39.83 
17.90 
n 
7.50 
1.875 
37.12 
25.92 
5.00 
2.00 
4.00 
3.00 
10.00 
3.585 
100.00 
0.16 
40.00 
40.08 
17.90 
III 
7.50 
1.875 
37.12 
25.92 
5.00 
2.00 
4.00 
3.00 
10.00 
3.585 
100.00 
0.26 
40.00 
40.05 
17.90 
IV 
7.50 
1.875 
37.129 
25.90 
5.00 
2.00 
4.00 
3.00 
10.00 
3.596 
100.00 
0.36 
40.00 
39.98 
17.90 
V 
7.50 
1.875 
37.129 
25.90 
5.00 
2.00 
4.00 
3.00 
10.00 
3.596 
100.00 
0.46 
40.00 
40.02 
17.90 
VI 
7.50 
1.875 
37.129 
25.90 
5.00 
2.00 
4.00 
3.00 
10.00 
3.596 
100.00 
0.56 
40.00 
40.09 
17.90 
*Crude protein (80%), Loba Chemie (Mumbai. India). 
tCrude protein (93%). Loba Chemie. 
{Essential amino adds (glOOg ') arginine 2.138. histidine 0.630. isoleucine 2.761. leucine 2.897. lysine 2a91. methionine 1.386. pheny-
lalanine 2J12. threonine 1.431, tryptophan variable, valine 2381. Non-essential amino adds cystine 0.930. tyrosine 1.416, alanine 1.888. 
aspartic add variable, glutamic add variable, proline 2.328. glycine variable, serine 0330 (Loba Chemie). 
§Halver (2002). 
HOne grams Vitamin mhc -1-2 g a-cellulose. 
IJCalcuIated on the basis of fud values 23.10.22 J l . 24.271&02 and 37.65 kJg ' for casein, gelatin, amino acids, dextrin and fat respec-
tively, as estimated on Gallenkamp ballistic bomb calorimeter 
Experimental design and feeding trial 
Rngerlings of C. mrigala were obtained from State 
Government Fish Hatchery (Faridpur, Bareilly, India). 
These were transported to the wet laboratory in oxy-
gen-filled polythene bags, given a prophylactic dip in 
KMn04 solution (1:3000) and stocked in indoor cir-
cular aluminium plastic lined (Plasticrafts, Mumbai, 
India, 4 ft x 3 ft x 3 ft) fish tank (water volume, 
600 L) for 14 days. During this period, the fish were 
fed to apparent satiation a mixture of soybeaa mus-
tard oil cake, rice bran and wheat bran in the form of 
moist cake twice a day at 08.-00 and 16KX) hours. La-
ter, these fishes were acclimated for 2 weeks on case-
in-gelatin based (40% CP) H-440 diet (Halver 2002). 
Cirrhinus mrigala fingerlings (4.25 ± 0.30 cm. 
0.62 ± 0.02 g) were then randomly stocked in tripli-
cate groups in 70-L circular polsrvinyl tanks (water 
volume SSL) fitted with a continuous water flow-
through (1-1.5 L min "') system at the rate of 20 fish 
per tank for each dietary treatment level. Fish were 
fed test diets in the form of dry pellets at a rate of 5% 
body weight/day in two equal feeding daily at 08:00 
and 16K)0 hours. This amount was fixed as per the 
results obtained in a preliminary feeding trial de-
scribed earlier (Khan, Ahmed & Abidi 2004). No feed 
was offered to the fish on the day the measurements 
were taken. Initial and weekly weights were recorded 
on a top loading balance (Precisa 120A; 0.1 mg sensi-
tivity Oerlikon AG, Zurich, Switzerland) and feed 
allowances adjusted accordingly. The feeding trial 
lasted for 8 weeks. Faecal matter was siphoned before 
feeding. Uneaten feed was filtered on a screen soon 
after active feeding, dried and weighed to measure 
the amount of feed consumed. V\^ter temperature, 
pH, dissolved oxygen, free carbon dioxide and total 
alkalinity during the feeding trial, based on daily 
measurements were recorded following the standard 
methods (APHA 1992), were 27-28.5 "C. 7.1-7.8,6.6-
78, 5.2-12.0 and 65-85 mg L " ' respectively V\feight 
gain and body protein deposition were calculated 
using following standard definitions: 
Weight gain (%) 
final body weight - initial body weight 
initial body weight 
Protein deposition 
_ (BWf X BCPf) - (BW| X BCPi) 
TF X CP 
X 100 
X 100 
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Where BW, and BW, are the mean initial and final 
body weight (g), BCPi and BCPf the mean initial and 
final percentage of body protein, respectively TF the 
total amount of diet consumed, and CP the percen-
tage of crude protein of the diet 
Chemical analysis 
The proximate composition of casein, gelatin, experi-
mental diets, initial and final body composition was 
determined using standard AOAC (1995) methods 
for dry matter (oven drying at 105 ± 1 °C for 22 h), 
crude protein (N-Kjeldahl x 6.25), crude fat (solvent 
extraction with petroleum ether B. E 40-60 °C for 
10-12 h) and ash (oven incineration at 650 °C for 
4-6 h). Gross energy content was determined on 
a Gallenkamp ballistic bomb calorimeter-CBB 330 
OlOL (Gallenkamp. Loughborough. UK). Amino acid 
analysis of casein and gelatin as detailed earlier 
(Ahmed et al. 2003). was made with the help of ultra 
sphere ODS reverse phase column fitted to Beckman 
System Gold HPLC unit (Beckman Instruments, San 
Ramon, CA, USA). 
Statistical analysis 
Responses of C. mrigala fingerling fed graded levels of 
dietary tryptophan were measured by weight gain 
(%). feed conversion ratio (FCR), protein efficiency 
ratio (PER), and by analyzing the whole body compo-
sitioa The response variables were subjected to one-
way analysis of variance (Snedecor & Cochran 1967) 
to determine significant differences (P<0.05) among 
the treatments. Duncan's Multiple Range Ttest (Dun-
can 1955) was also employed. Second-degree polyno-
mial regression (Y=fl+bX+cX^) analysis (Zeitoun. 
Ullrey Magee. Gill & Bergen 1976) was employed 
to growth parameters to predict more accurate re-
sponse to the dietary intake. The break point ob-
tained represented the tryptophan requirement of 
the fish. 
Results 
Live weight gain, specific growth rate (SGR). FCR and 
PER of C. mrigala fed diets containing different levels 
of tryptophan are presented inTable 2. Maximum live 
weight gain was recorded in fish fed diet containing 
0.36% of dietary tryptophan (diet IV). The overall 
growth offish at this level of dietary tryptophan over 
the 8-week feeding trial was 277%, which was signif-
icantly (P<0.05) higher than the weight gain re-
corded for other dietary tryptophan levels except at 
0.46% which was not significantly different to that 
fed 0.36% tryptophan diet. Specific growth rate also 
showed a similar trend. Significant differences were 
observed in FCR of fish fed diets with different levels 
of dietary tryptophan. Protein efficiency ratio offish 
fed diet containing 0.36% tryptophan was found to be 
significantly (P<0.05) higher compared with those 
fed other dietary tryptophan levels. Fish fed diets 
containing tryptophan beyond 036% could not pro-
duce additional growth, whereas fish fed diets with 
lower tryptophan levels showed reduced weight gain 
and efficiency of feed utilization. On subjecting the 
live weight gain data to second-degree polynomial re-
gression analysis, a maximum was evident at 0.42% 
of dietary tryptophan, corresponding to 1.05% of 
Table 2 Growth, FCR and survival of Indian major carp. Cirrhlnus mrigala fed diets containing graded levels of dietary 
t ryp tophan ' 
Oielary tryptophan levels 
006 0.16 0L26 OM 0.A6 0.56 
Average initial weight (g) 0.625 ± 0.110 0.613 ± 0.007 0.621 i: 0.010 0.620 ± 0.008 0.615 ± 0.008 0.620 ± 0.010 
Average final weight (g) 1.110 ± 0.03 1.515 ± 0.03 2.128 i: 0.05 2.340 ± 0.06 2.248 ± 0.04 2.135 i : 0.04 
Live weight gain (%)t 77.58 ± 3.73" 146.96 ± 4.2tf= 238.65 ± 4.36' 277.28 ± 4.55* 265.60 ± 4.45* 244.37 ± 4.60^ 
SGRt.t 1.02 ±0.040" 1.613 ±0.030' 2.180*0.023" 2.370 ± 0.021* 2.31 ± 0.021* 2.21 ± 0.025" 
Food conversion ratiot.§ 2.92 ± 0.09* 2.32 ± 0.06" 1.71 ± 0.03" 1.50 ± 0.06* 1.67*0.04" 1.92 ± 0.05° 
PERt.t 0.86 ±0.027* 1.08 ± 0.026" 1.46 ± 0.028"° 1.67 ± 0.067* 1.53*0.040^ 1.34 ± 0.020° 
Sun/ival 95 ± 1.60 100 100 100 100 100 
'Mean values of three replicates ± SEM. 
tMeao values sharing the same superscript are not significantly difierent (P>0l05). 
(Specific growth rate (SGR) = ((In mean final weight - In mean Initial weight)]/na of days x lOtt 
§fted conversion ratio (FCR) = dry food fed (g)/wet weight gain (g). 
UProtein efficiency ratio (PER) = weight gain (g. wet weight basisj/proteln intake (g. dry weight basis). 
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Figure 1 Second-degree polynomial relationship of live 
weight gain to dietary tryptophan levels. 
dietary protein (Fig. 1). The relationship described by 
the equation at 95% of the maximum slope being: 
Y = - 1547.375*^ + 1310.372x - 3.974 
(r = 0.99,P < 0.05) 
The FCR (Y) to dietary levels of tryptophan (X) rela-
tionship was best described using a second-degree 
polynomial regression analysis (Fig. 2). The relation-
ship being; 
Y =13.1607*^ - 10.2054X -I- 3.5217 
(r = 0.993, P < 0.05) 
The PER (V) to dietary levels of tryptophan (X) re-
lationship was best described using a second-degree 
polynomial regression analysis (Fig. 3). The relation-
ship being; 
Y = - 7.375x^ -1- 5.7039* - 0.4790 
(r = 0.968, P < 0.05) 
Based on the above polynomial equations, the 
maximum weight gain, best FCR and PER occurred 
at tryptophan levels of approximately 0.42%, 0.39% 
and 0.38% of the dry diet respectively. 
Whole body composition (Table 3) of C. mrigala fed 
tryptophan test diets varied significantly (P<0.05) 
among various dietary groups. The moisture content 
decreased significantly (P < 0.05) with increasing le-
vels of dietary tryptophan up to fish fed diet contain-
ing 0.36% tryptophan and thereafter significantly 
lower moisture was recorded. Protein content of fish 
fed diet containing 036% tryptophan was signifi-
cantly (P<0.05) higher, followed by those receiving 
diet containing 0.46% and 0.26% dietary trypto-
phan. Significantly (P<0.05) lower fat value was re-
corded in fish fed 036% tryptophan compared with 
that fed diet containing 0.26%. 0.46% and 0.56% 
tryptophan. However, lowest fat values were ob-
tained in fish fed diets with 0.06% and 0.16% trypto-
phan. Ash content of fish receiving diets with 
different tryptophan levels were not significantly 
(P< 0.05) different, except at 0.06% and 0.16%, where 
significantly higher ash was noted. Fish fed diet con-
taining 0.36% tryptophan also resulted in signifi-
cantly (P< 0.05) higher protein deposition compared 
with other dietary groups. On subjecting the body 
protein deposition (X) to dietary levels of tryptophan 
(Y) to second-degree polynomial regression analysis 
a break point was evident at 0.38% tryptophan of 
the dry diet (Fig. 4). The relationship being; 
Y = - 204.1071*^ -I- 155.4979X - 0.4085 
(r = 0.961,P < 0.05) 
Discussion 
Efforts to produce high quality protein for human 
consumption through aquaculture are being direc-
0.05 0.15 025 035 045 0 55 
Figure 2 Second-degree polynomial relationship of feed 
conversion ratio to dietary tryptophan levels. 
Figure 3 Second-degree polynomial relationship of pro-
tein efficiency ratio to dietary tryptophan levels. 
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Table 3 Body composition of Indian major carp, Cirrhinus mngala fed diets containing graded levels of dietary tryptophan* 
Dietary tryptophan levels 
Inttid a06 ai6 0.26 0.36 a46 0.56 
Moisture (%) 79.54 ± 0.26 78.43 ± 0.23" 76.88 ± 0.19* 75.36 ± 0.18° 73.40 ± 0.25' 74.34 ± 0.21" 74.10 ± 0.20" 
Protein (%) 13.48 ± 0.13 13.06*0.09* 14.89 ± 0.09" 16.55 ±0.11 ' 18.29 ± 0.07* 17.25 4 0.11" 16.45 ± 0.13' 
Fat(%) 3.17 ±0.18 3.42*0.07* 3.82 ± 0.06" 4.27 ± 0.06° 4.02*0.09" 4.52 ± 0.10° 4.81 ± 0.80" 
Ash (%) 2.92 ± 0.05 3.20 ± 0.07* 2.73 ± 0.07° 2.34 ± 0.05' 2.40 ± 0.09' 2.31 ± 0.06' 2.26 ± 0.05' 
'Mean value of three replicate ± SEM. Mean values with the same superscript are not significantly different (P> 0.05). 
ted towards intensive fish production using formu-
lated feeds. Any balanced formula for fish diets must 
include an energy source plus sufficient indispensa-
ble amino acids, essential fatty acids and specific vita-
mins and minerals to support life and promote 
growth (Halver 1976). Supplementary diets should, 
therefore, contain indispensable amino acids at a 
level sufficient to meet the demands for maximum 
protein deposition. Tfeleost fish require the same 10 in-
dispensable amino acids as most terrestrial animals, 
excepting arginine which is as much essential as in 
terrestrial carnivores (Kaushik 1998). Amino acids 
are precursors for many biological active compounds 
notably enzymes and are also substrates for energy 
production (Walton 1985). 
Inclusion of an optimum amount of tryptophan 
is a prerequisite to the formulation of nutritionally 
adequate artificial diet for fish culture. The trypto-
phan requirement of different species varies between 
0.50% and 1.0% of the protein (Wilson 2002). The pre-
sent finding indicates that 036% dietary tryptophan, 
corresponding to 0.90% of the protein is optimum for 
maximum growth of fingerling C. mrigala. Best-feed 
efficiency at this level of dietary tryptophan is re-
flected by excellent values obtained for FCR, SGR 
and PER. Quadratic regression analysis of weight 
Figure 4 Second-degree polynomial relationship of 
body protein deposition to dietary tryptophan levels. 
gain data indicated the dietary requirement to be at 
0.42% of dry diet However, quadratic regression ana-
lyses of FCR and PER data indicated the optimum 
requirement at 0.39% and 0.38% of the dry diet re-
spectively Based on the above results, the optimum 
dietary tryptophan requirement of C. mngala is re-
commended at 0.38% tryptophan of the dry diet, cor-
responding to 0.95% of dietary protein. This value 
is similar to the requirement reported for catla 1.0% 
(Ravi & Devaraj 1991) and Nile tilapia 1.0% (Santiago 
& Lovell 1988), lower than the requirement reported 
for rohu 1.13% (Murthy & Varghese 1997). rainbow 
trout 1.40% (Poston & Rumsey 1983), Japanese eel 
1.10% (Nose 1979) and higher than the requirement 
reported for common carp, 0.80% (Nose 1979). 0.60% 
(Ogino 1980). chinook and sockeye salmon 0.50% 
(Halver 1965), chum salmon 0.70% (NRC1993), coho 
salmon 0.50% (Halver 1965; Aral & Ogata 1993), rohu 
0.60% (Khan & Jafri 1993), rainbow trout 0.60% (Kim 
et al. 1987); 0.40% (Walton et al. 1986), channel catfish 
0.50% (Wilson, Allen Jr, Robinson & Poe 1978). milk-
flsh 0.60% (Borlongan & Coloso 1993), European sea 
bass 0.60% (Kaushik 1998) and red sea bream 0.60% 
(Forster & Ogata 1998) of the protein. 
The wide variations observed in the requirement 
level for tryptophan among fish species may be be-
cause of the differences in the methodologies used 
such as the nature of the dietary protein souices in 
the test diets, the reference protein, which dietary 
amino acid pattern is chosen and the culture condi-
tions (Luzzana, Hardy & Halver 1998). The variation 
may also be related to real species differences. Kim, 
Kayes and Amundson (1992) pointed out that large 
variation in the values for amino acid requirements 
may be because of differences in the composition of 
the basal diet used for different experiments. It has 
also been suggested that the wide variability and the 
reliability of tryptophan requirements of fish may be 
affected by fish size and age, feeding regime, feed al-
lowance, adequate levels of other nutrients, water 
temperature, flow rate, stock density, enviroimiental 
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as well as culture conditions adopted in different la-
boratories (Cowey & Luquet 1983; Tacon & Cowey 
1985; Chiu, Austic & Ramsey 1988). Digestibility, ami-
no acid profile and energy content may also bring 
about variable effects in amino acid requirement 
studies (Simmons, Moccia, Bureau, Sivak & Herbert 
1999; De Silva, Gunasekera & Gooley 2000). Varia-
tions may also be attributed because of the true differ-
ences between phylogenetically distinct families or 
species (Akiyama, Oohara & Yamamoto 1997). 
Significant differences in whole body composition 
were evident in C. mrigala fed diets containing var-
ious levels of tryptophan. Lower body protein was 
noted in fish fed diets containing low levels of trypto-
phan. Body protein content was maximum in Qsh fed 
diet with 0.36% tryptophan. Body fat increased sig-
nificantly (P<0.05) in fish fed with different try-
ptophan concentrations except those fed 0.36% 
tryptophan diet where a significantly low fat content 
was noted. Poston and Rumsey (1983) reported that 
feeding graded levels of tryptophan caused increased 
deposition of fat In the present study a similar trend 
was evident in body fat but trend of body protein ob-
tained in present study did not show similar result 
Higher body moisture and lower fat content was 
noted in diets containing lower levels of tryptophan. 
Sometimes amino acid deficiencies cause certain 
pathological deficiency symptoms (Walton 1985). 
Tryptophan deficiency has been reported to cause 
morphological abnormalities, eg., scoliosis and lor-
dosis, in sockeye salmon (Halver 1957; Halver & 
Shanks 1960) and rainbow trout (Shanks, Gahimer 
& Halver 1962; Poston & Rumsey 1983). Kloppel and 
Post (1975) noticed that tryptophan deficient rainbow 
trout suffered from scoliosis and histological exami-
nations revealed calcium deposits in the kidney 
These symptoms were not seen in tryptophan defi-
cient catfish (Wilson et al. 1978). Except for poor 
growth and low feed efficiency, no gross pathological 
symptoms were observed in C. mrigala fingerling fed 
tryptophan deficient diet No significant differences 
in weight gain were recorded in fish fed diet contain-
ing 0.36% and 0.46% tryptophan. However, feeding 
fish diet with tryptophan beyond 0.46% (diet V) re-
sulted in a significant reduction in growth. Weight 
gain of the C. mrigala decreased when optimum tryp-
tophan concentration was exceeded. The reduction 
in the growth of mrigal fed higher concentration of 
tryptophan (diet VI) is puzzling and requires further 
study Based on the quadratic regression analysis of 
FCR and PER data, and also the highest protein de-
position value, an inclusion of 0.38% dietary trypto-
phan, corresponding to 0.95% dietary protein, is 
recommended for optimum growth of fingerling C. 
mrigala. The data generated in the present study on 
the quantitative dietary tryptophan requirement of 
C. mrigala would be useful in developing tryptophan 
balanced practical diets for the intensive culture of 
this species. 
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Dietary histidine requirement of fingerling Indian major carp, 
Cirrhinus mrigala (Hamilton) 
I. AHMED & M.A. KHAN 
Department of Zoology, Fish Nutrition Research Laboratory, Aligarh Muslim University, Aligarh, India 
Abstract 
An 8-week growth trial was conducted to determine the 
dietary histidine requirement of the Indian major carp, 
Cirrhinus mrigala fingerUng (length 4.22 ± 0.45 cm; weight 
0.61 ± 0.08 g; n = 40). Isonitrogenous (400 g kg"' crude 
protein) and isoenergetic (17.90 kJ g~' gross energy) diets 
with graded levels of L-histidine (2.5, 5.0, 7.5, 10.0, 12.5 
and 15.0 g kg"' dry diet) were formulated using casein 
and gelatin as a source of intact protein, supplemented 
with L-crystalline amino acids. Twenty fish were ran-
domly stocked in 70-L indoor polyvinyl circular fish tank 
(water volume 55-L, water exchange rate 1-1.5 Lmin"') 
and fed experimental diets at the rate of 5% of 
their body weight/day divided over two feedings at 
08:00 and 16:00 h. Maximum live weight gain (295%), 
best feed conversion ratio (FCR) (1.48) and protein effi-
ciency ratio (PER) (1.69) occurred at 7.5 g kg"' of dietary 
histidine level. When live weight gain, FCR and PER 
data were analysed using second-degree polynomial 
regression, the break points indicated histidine require-
ments at 9.4, 8.6 and 8.5 g kg"' of dry diet respectively. 
Significantly (P < 0.05) higher whole body protein and 
low moisture values were recorded at 7.5 g kg"' histidine 
level. Body fat increased significantly (P < 0.05) with 
increasing histidine levels. However, at 7.5 and 10 g kg"' 
histidine diets body fat did not differ {P > 0.05) to each 
other. Ash content of fish fed diets containing various 
levels of histidine did not differ except at 2.5 and 
5.0 g kg"' inclusion levels where significantly (P < 0.05) 
higher ash was recorded. Protein deposition was also 
found to be significantly (P < 0.05) higher in the 
7.5 g kg"' histidine diet. Based on the polynomial 
regression analysis of FCR and PER data, it is recom-
mended that the diet for fingerling C. mrigala should 
contain histidine at 8.5 g kg"' of dry diet, corresponding 
to 21.25 g kg"' of dietary protein for optimum growth 
and efficient utilization of feed. 
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Introduction 
Growth rates of fish may be highly variable and, in many 
cases, appear to be limited by food availability (Ali & 
Jauncey 2004). The use of natural food in intensive farming is 
rather small; its share is below 10% and when artificially fed, 
fish do not waste energy in looking for natural food which is 
not readily accessible (Szumiec 1976; Tacon 1990). In fish 
culture operations, the highest recurring cost is that of feed 
(De Silva 1988; Li & Wang 2004). Hence, the development of 
nutritionally adequate, cost-effective diet for all stages of 
cultured fish species is of great importance to the commercial 
success of aquaculture. Therefore, considerable emphasis in 
aquaculture is directed towards the development of such 
diets. A consistent intake of protein or amino acids is 
required, as they are continually used by the fish to build new 
proteins, peptides, free amino acids, enzymes, hormones, 
neurotransmitters, cofactors and provides energy. Inad-
equate protein level in the diet results in the reduction of 
growth and specific deficiency symptom. Fish do not have a 
true protein requirement but require a well-balanced mixture 
of essential and nonessential amino acids in the diet for 
growth and maintenance (Wilson & Halver 1986). The gross 
dietary protein requirement is directly influenced by the 
amino acid composition of the diet and the concept of bal-
ance or pattern of amino acid is a basic to protein require-
ment (Keembiyehetty & Gatlin 1992; Tibbetts et al. 2000). 
Dietary proteins are the source of essential amino acids and 
provide nitrogen for the synthesis of nonessential amino 
acids. Information on the amino acid requirements of an 
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animal provides a basic to evaluate the nutritional value of 
protein sources for formulating feeds for an animal (Mai 
et at. 1995). To ensure maximum growth in terms of protein 
accretion and economic return, amino acid requirements of 
fish must be known. 
Histidine is an indispensable amino acid involved in many 
metabolic functions including the production of histamines 
which arise from controlled and uncontrolled pathways and 
take part in allergic and inflammatory reactions. Being an 
essential amino acid it presumably is important for tissue 
formation and repair. Histidine plays a very important role 
for maintaining the osmoregulation process in fishes and also 
a role related to energy production or for use in other 
metabolic pathways during certain emergencies or harsh 
conditions (Abe & Ohmama 1987). Dietary histidine 
requirements have been worked out in a number of fish 
species; including chinook salmon, Oncorhynchus tshawysts-
cha (Chance et al. 1964), Mossambique tilapia, Oreochromis 
mossambicus (Jauncey et al. 1983), Lake trout, Salvelinus 
namaychus (Hughes et al. 1983), rohu, Labeo rohita (Murthy 
& Varghese 1995; Abidi & Khan 2004), Japanese flounder, 
Paralichthys olivaceus and red sea bream Pagrus major 
(Forster & Ogata 1998), European sea bass, Dicenirarchus 
labrax, gilthead seabream, Sparits aurata and Turbot, Psetta 
maxima (Kaushik 1998) and Atlantic salmon, Salmo salar 
(Scott et al. 1996; Rollin 1999). 
Indian freshwater culture fishery sector is dominated by 
composite culture of Indian major carps, namely catla, Catla 
catla, rohu, L. rohita and mrigat, Cirrhinus mrigala (Hamil-
ton). These fishes are raised in India on simple dietary 
combinations of plant and animal feedstuffs (Jhingran 1991). 
Proper nutrition and feeding, particularly in the early Ufe 
stage, play a vital role in the increased production of these 
carps. They are fast growing, attaining marketable size of 
800-1000 g in less than a year, and are generally used on 
extensive and/or intensive scale in polyculture systems 
(Jhingran & Pulhn 1988). Among these carps, C. mrigala, in 
the wild, is a detritus eater with a narrow range in food 
variety. It is a bottom feeder subsisting mainly on decayed 
vegetation, easily available in lakes, rivers and in confined 
water bodies of entire Indian subcontinent and is used as a 
component of polyculture with other species of carps. 
Dietary protein requirement of fingerling C. mrigala has 
been quantified (Das & Ray 1991; De Silva & Gunasekera 
1991; Khan 1991). Excepting the data available on methi-
onine (Ahmed et al. 2003), lysine (Ahmed & Khan 2004a), 
arginine (Ahmed & Khan 2004b) and threonine (Ahmed 
et al. 2004) requirement of C. mrigala, no information 
is available on the remaining essential amino acid 
requirements. The present investigation was undertaken to 
determine the dietary histidine requirement of fingerling 
C. mrigala. 
Materials and methods 
Experimental diet 
Six isonitrogenous (400 g kg"' crude protein, CP) and iso-
energetic (17.90 kj g"' gross energy) amino acid test diets 
were formulated using casein (fat-free), gelatin and L-crys-
talline amino acids with graded levels of histidine (Table 1). 
The dietary protein level was fixed at 400 g kg"' CP, 
reported optimum for the growth of C. mrigala (Khan 1991). 
L-crystalline amino acids, excluding the test amino acid his-
tidine, were used to mimic the amino acid profile of the 
experimental diets to that of 400 g kg"' whole egg protein 
(Chance et al. 1964). The levels of L-histidine in increments 
of 2.5 g kg"' ranged from 2.5 to 15 g kg"' of the diet. A 
casein-gelatin ratio, contributing the minimum quantity of 
the test amino acid and maximum quantities of other amino 
acids, was maintained. To make the diets isonitrogenous, 
histidine was quantitatively increased at the expense of gly-
cine, glutamic acid and aspartic acid ( 2 : 1 : 1 ) . a-Cellulose 
was used to make the diets isoenergetic. 
Preweighed quantities of L-crystalline amino acids and 
mineral mixture were thoroughly stirred in hot water (80 °C) 
in a steel bowl attached to a Hobart electric mixer (Hobart 
Corporation, Troy, OH, USA). The pH of the resulting 
mixture was adjusted to neutral (7.1 ± 0.2) with 6 N NaOH 
solution (Nose et al. 1974). Grelatin was dissolved separately 
in a volume of water with constant heating and stirring and 
then transferred to the above mixture. The mixer bowl was 
removed from heating and dextrin added. Other dry ingre-
dients and oil premix, except carboxymethylcellulose, were 
added to the lukewarm bowl (40 °C) one by one with con-
stant mixing. Carboxymethylcellulose was then added and 
the speed of the blender was gradually increased as the diet 
began to harden. The dough was passed through a pelletizer 
fitted with a 2-mm die to obtain pellets which were dried in a 
hot air oven at 40 °C to reduce the moisture content below 
100 g kg"'. The dry pellets were crumbled, sieved (0.20-
0.25 mm) and stored at 4 °C until used. 
Experimental design and feeding trial 
Induced-bred fingerlings of C. mrigala were procured from 
the hatchery of College of Fisheries, G.B. Pant University of 
Agriculture and Technology, Pantnagar, India. These were 
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Table I Composition of experimental diets used for estimating the dietary histidine requirement of fingerling Cirrhinus mrigala 
Ingredients (g kg "' dry diet) 
Casein' 
Gelatin^ 
Amino acid mlx^ 
Dextrin 
Com oil 
Cod liver oil 
Mineral mix* 
Vitamin mix' 
Carboxymethyl cellulose 
Alpha cellulose 
Total 
Total histidine 
Glycine 
Aspartic acid and glutamic acid (1 : 1) 
Calculated crude protein 
Analysed crude protein 
Gross energy* (kj g~', dry diet) 
Diets 
1 
88 
22 
361.18 
251.5 
50 
20 
40 
30 
100 
37.32 
1000 
2.5 
62.2 
31.1 
400 
396.2 
17.90 
II 
88 
22 
358.88 
255.0 
50 
20 
40 
30 
100 
36.12 
1000 
5.0 
59.8 
29.9 
400 
393.5 
17.90 
III 
88 
22 
356.63 
258.4 
50 
20 
40 
30 
100 
34.97 
1000 
7.5 
57.4 
28.7 
400 
400.8 
17.90 
IV 
88 
22 
354.38 
261.8 
50 
20 
40 
30 
100 
33.82 
1000 
10.0 
55.1 
27.5 
400 
397.8 
17.90 
V 
88 
22 
352.28 
265.0 
50 
20 
40 
30 
100 
32.72 
1000 
12.5 
52.7 
26.4 
400 
406.6 
17.90 
VI 
88 
22 
349.98 
268.5 
50 
20 
40 
30 
100 
31.52 
1000 
15.0 
50.3 
25.2 
400 
401.9 
17.90 
' Crude protein (800 g kg"') (Loba Chemie, Mumbai, India). 
' Crude protein (930 g kg"') (Loba Chemie). 
^ Essential amino acids (g kg"'): arginine 20.65, histidine variable, isoleucine 26.85, leucine 27.61, lysine 20.73, methionine 13.40, phenyl-
alanine 20.41, threonine 13.80, tryptophan 5.30, valine 22.88. Nonessential amino acids cystine 9.25, tyrosine 13.49, Alanine 18.17, aspartic 
acid variable, proline 21.50, glutamic acid variable, glycine variable (Loba Chemie). 
' Halver (2002). 
' 1 g Vitamin mix + 2 g oKellulose. 
' Calculated on the basis of fuel values 23.10, 20.21, 24.27, 16.02 and 37.65 kJ g"' for casein, gelatin, amino acids, dextrin, and fat 
respectively, as estimated on Gallenkamp ballistic bomb calorimeter. 
transported to the laboratory in oxygen-filled polythene 
bags, given a prophylactic dip in KMn04 solution (1 : 3(K)0) 
to rule out any possible microbial infection and stocked in 
indoor circular alumintun plastic-lined (Plastic Crafts Corp., 
Mumbai, India, 4 x 3 x 3 ft) fish tank (water volume, 6(X) L) 
for a fortnight. During this period, fish were fed twice daily 
(08:00 and 16:00 h) to satiation a mixture of soybean, mus-
tard oil cake, rice bran and wheat bran in the form of moist 
cake. Later, these fishes were acclimated for 2 weeks on 
casein-gelatin-based (400 g kg"' CP) H-440 diet (Halver 
2002). 
Cirrhinus mrigala fingerlings (length 4.22 ± 0.45 cm; 
weight 0.61 ± 0.08 g; n = 40) were randomly stocked, in 
triplicate in 70-L polyvinyl indoor circular troughs (water 
volume 55 L), fitted with a continuous water flow-through 
(1-1.5 L min"') system at the rate of 20 fish per trough for 
each dietary treatment level. Fish were fed the test diets in the 
form of dry crumbles at a rate of 5% body weight/day. This 
amount was fixed as per the results obtained in a prehminary 
feeding trial described eariier (Khan el al. 2004). The daily 
ration was subdivided into two equal halves and fed at 08:00 
and 16:00 h. No feed was offered to the fish on the day the 
weight gain was taken. Initial and weekly weights were 
recorded on a top-loading balance (Precisa 120A; PAG 
Oeriikon AG, Zurich, Switzerland) and feed allowances 
adjusted accordingly. The feeding trial lasted for 8 weeks. 
Faecal matter and unconsumed feed, if any, were siphoned 
before feeding. Uneaten food, if found, was filtered over a 
screen soon after the active feeding, dried in an hot-air oven 
at 110 °C and weighed to measure the amount of food 
consumed. The average water temperature, pH, dissolved 
oxygen, free carbon dioxide and total alkaUnity, estimated 
using standard methods (APHA 1992), over the 8-week 
feeding trial, based on daily measurements, were 26.5-
28.5 °C, 7.1-7.8, 6.7-7.9, 8-12, 68-76 mg L"' respectively. 
Chemical analysis 
Proximate composition of casein, gelatin, experimental diets 
and carcass composition of C. mrigala was estimated with 
standard AOAC (1995) techniques for dry matter 
(oven drying at 105 ± 1 °C for 22 h), crude protein 
(N-Kjeldahl x 6.25), crude lipid (solvent extraction with 
petroleum ether BP 40-60 °C for 10-12 h) and ash (oven 
incineration at 650 °C for 2-4 h). Gross energy content was 
determined on a Gallenkamp balUstic bomb calorimeter 
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(Gallenkamp, Loughbrough, UK). Amino acids analysis of 
casein and gelatin was made with the help of Beckman Sys-
tem Gold HPLC unit (Beckman Instruments, Inc., San Ra-
mon, CA, USA) as described earlier (Ahmed & Khan 2004a). 
Statistical analysis 
The response variables [weight gain, feed conversion ratio 
(FCR), protein efficiency ratio (PER), and carcass composi-
tion] were subjected to one-way analysis of variance (ANOVA) 
(Snedecor & Cochran 1967; Sokal & Rohlf 1981). To 
determine significant differences (P < 0.05) among the 
treatments mean values, Duncan's Multiple Range Test 
(Duncan 1955) was employed and data are presented in the 
form of mean plus standard error. Quadratic regression 
analysis (Zeitoun el al. 1976) was employed to growth 
parameters to predict a more accurate response to the dietary 
intake which represented the optimimi histidine requirement 
for the fish. 
Results 
Growth performance of fingerling C. mrigala fed diets con-
taining graded levels of histidine over the 8-week feeding trial 
is presented in Table 2. Significant differences were observed 
in live weight gain, FCR, specific growth rate (SGR%) and 
PER. Fish receiving diet with 7.5 g kg"' histidine produced a 
maximum live weight gain which is significantly {P < 0.05) 
higher compared with the other dietary groups. The overall 
live weight gain at this level of dietary histidine was 295%. 
Specific growth rate (2.45%) also showed similar trend. 
Differences in FCRs were evident in fish fed different levels of 
dietary histidine which ranged from 1.48 to 2.68, with the 
best FCR in fish fed at 7.5 g kg"' dietary histidine. PERs 
were significantly (P < 0.05) affected by the dietary histidine 
levels. PER of the fish fed diet containing 7.5 g kg"' histidine 
(1.69) was found to be significantly (P < 0.05) higher than 
those fed other dietary levels. 
In the light of above findings, it is evident that fish fed 
higher than 7.5 g kg"' dietary histidine could not produce 
additional growth whereas fish fed lower and higher con-
centrations of dietary histidine showed reduced weight gain 
and efficiency of feed utilization. However, on subjecting the 
live weight gain data and dietary histidine levels to second-
degree polynomial regression analysis, a break-point was 
evident at 9.4 g kg"' of dietary histidine corresponding to 
23.5 g kg"' of dietary protein (Fig. la). 
The FCR (Y) to dietary levels of histidine (X) relationship 
was precisely described by a second-degree polynomial 
regression analysis (Fig. lb). Similariy, the PER (Y) to 
dietary levels of histidine (X) relationship was best described 
by a second-degree polynomial regression analysis (Fig. Ic). 
Based on the above figures, the best FCR and PER occurred 
at histidine levels of 8.6 and 8.5 g kg"' of the dry diet 
respectively. 
Marked differences were observed in the whole body 
composition of fish fed different levels of dietary histidine 
(Table 3). Moisture content of the fish decreased significantly 
(P < 0.05) with increasing histidine levels upto 7.5 g kg"' 
and thereafter an increase in moisture was noted. Protein 
content of fish receiving diet containing 7.5 g kg"' histidine 
was found to be significantly (P < 0.05) higher, followed by 
those receiving diet containing 10 and 5.0 g kg"' histidine of 
the dry diet. The lowest body protein was noted in fish fed 
2.5 g kg"' dietary histidine. Whole body fat increased 
gradually with the increase of dietary histidine levels and was 
significantly (P < 0.05) higher in fish fed diets with 12.5 and 
15.0 g kg"' histidine compared with all other dietary groups. 
Table 2 Growth, FCR and percentage survival of Indian major carp, Cirrhinus mrigala fed diets containing graded levels of histidine' 
Average initial weight (g) 
Average final weight (g) 
Live weight gain (%)^ 
Specific growth rate' 
Feed conversion ratio' 
Protein efficiecKy ratio' 
Survival 
Dietary histidine levels (g kg ') 
2.5 
0.613 ± 0.005 
1.45 ±0.02* 
136 ± 3.93* 
1.53 ± 0.03* 
2.68 ±0.11" 
0.93 ± 0.04" 
100 
5.0 
0.613 ± 0.008 
1.97 * 0.03" 
220 t 4.05" 
2.08 ± 0.02" 
1.71 ±0.04" 
1.46*0.03" 
100 
7.5 
0.615 ±0.009 
2.43 ± 0.04* 
295 ± 5.47' 
2.45 ± 0.02" 
1.48 ±0.07* 
1.69 ±0.08' 
100 
10.0 
0.610 ± 0.007 
2.32*0.01" 
281 ± 4.66" 
2.39 ± 0.02" 
1.75 ±0.05" 
1.43 ±0.04" 
100 
12.5 
0.613*0.008 
2.12 ±0.03' 
245 * 4.29^ 
2.21 * 0.02' 
2.12 * 0.05' 
1.18*0.03' 
100 
15.0 
0.610 ± 0.009 
1.85*0.01' 
202 * 4.77* 
1.98*0.03' 
2.45 * 0.06" 
1.02*0.02" 
100 
' Mean values of three replicates * SEM; mean values sharing the same superscript arc insignificantly different (P > 0.05). 
^ Live weight gain(%) = ((final body weight - initial body weight)Ainitial body weight] x 100. 
' SGR = [(In mean final weight) - (In mean inKial weight)/no. of days) x 100. 
* FCR = dry food fed (g)/wet weight gain (g). 
* PER = weight gain (g, wet weight basis)/protein intake (g, dry weight basis). 
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4.8 7.3 9.8 12.3 
Dietary histidine level (g kg-< dry diet). 
14.8 
4.8 7.3 9.8 12.3 
Dietary histidine level (g kg-< dry diet). 
14.8 
Figare 1 Live weight gain (%), feed conversion ratio (FCR) and 
protein efficiency ratio (PER) of Indian major carp, cirrhinus mrigala 
fed diets containing graded levels of histidine (g kg"' dry diet). 
However, body fat remained insignificantly (P > 0.05) 
difTerent at 7.5 and 10.0 g kg"' histidine levels where the 
body fat exhibited intermediate values. Body ash content did 
not differ among the treatments, excepting at 2.5 and 
5.0 g kg"' dietary histidine levels where a significantly 
(P < 0.05) higher ash content was noted. Whole body pro-
tein deposition was found to be significantly highest at 
7.5 g kg"' dietary histidine (Table 3) followed by those 
receiving diets containing 10.0 and 5.0 g kg"' histidine. 
Discussion 
Dietary formulations that meet, but do not exceed, the 
essential amino acid requirements for fish are also important 
for the sustainability of aquaculture (Twibell et al. 2003). 
Excess levels of essential amino acid (EAA) in diets results in 
higher levels of ammonia-N excretion (Yang et al. 2002), 
which is eventually discharged from aquaculture production 
systems. Dietary manipulations that minimize ammonia 
excretion will be important for the sustainability of aqua-
culture. 
As all fish species studied so far require the same 10 
indispensable amino acids in their diets for maximum growth 
(Wilson 1985), information on the inclusion of an optimum 
amount of histidine is a prerequisite to the formulation of 
nutritionally adequate artificial diet for the culture of this fish 
under study. Dietary histidine requirement was estimated by 
fixing the levels of histidine in the amino acid test diet on the 
basis of information available for the other Indian major 
carps, C. catla (Ravi & Devaraj 1991) and L. rohita (Murthy 
& Varghese 1995). The present finding indicates that 
7.5 g kg"' dietary histidine is optimum for maximum growth 
of fingerling C. mrigala. Excellent feed efl^ ciency at this level 
compared with the other dietary histidine levels is reflected by 
values obtained for best FCR, weight gain, specific growth 
rate and PER. Fish fed 7.5 g kg"' of dietary histidine syn-
thesized maximum body protein and inclusion of histidine at 
higher levels than 7.5 g kg"' of the diet did not improve body 
protein content. This may be because of disproportionate 
amount of one amino acid affecting the utilization of the 
other amino acids (Murthy & Varghese 1995; Coloso et al. 
1999) or chelating effects of histidine influencing metals 
metabolism (Snedeker & Greger 1983). The decreased growth 
of C. mrigala fed diet containing histidine higher than the 
requirement level may be attributed to the toxic efl"ect (Choo 
et al. 1991) and stress caused by excess amount of amino acid 
in the body of the fish leading to extra energy expenditure 
towards deamination and excretion of the same (Walton 
1985). Similar growth depressing effect of feeding higher 
amounts of histidine than optimum was also evident in other 
studies with Indian major carp, Catla catla (Ravi & Devaraj 
1991) and rohu (Murthy & Varghese 1995). Quadratic 
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Table 3 Carcass composition of Indian major carp, Cirrhinus mrigala fed diets containing graded levels of histidine 
Moisture 
Protein 
Fat 
Ash 
Protein deposition (%)' 
Dietary histidine levels (g kg" 
Initial 
786.2 ± 2.4 
130.7 ± 1.4 
32.2 ± 0.6 
30.1 ± 0.7 
2.5 
772.4 ± 1.7' 
145.6 ± 0.7' 
34.2 ± 0.8* 
28.7 ± 0.5* 
14.61 ± 0.69' 
') 
5.0 
755.6 ± 2.8"^ 
162.5 ± 0.6' 
36.4 ± 0.9" 
26.8 ± 0.4 '• 
25.87 ± 0.72" 
7.5 
743.3 ± 2.2* 
178.0 ±0.8 ' 
41.0 ± 1.0' 
22.8 ± 0.6 ' 
32.84 ±1.58' 
10.0 
750.6*1.8" 
169.8 ± 0.7" 
42.3 ± 0.5' 
23.4 ± 0.5' 
26.24 ± 0.54" 
12.5 
757.1 ±2 .1" ' 
162.3 ± 1.1' 
45.6 ± 0.6" 
23.1 ± 0.3' 
20.66 ± 0.61' 
15.0 
762.0 ± 1.0" 
154.3 ±0.6" 
47.4 ± 0.5' 
22.5 ± 0.4 ' 
16.94 ± 0.32' 
' Mean values of three replicates ± SEM; the value with the same superscript are insignificantly different (P > 0.05). 
' PD = 100[(BW, X BCPf) - (BWi x BCPi)]/(TF x CP)], where BW, and BW, = mean initial and final body weight (g), BCPi and BCP( = mean 
initial and final percentage of carcass protein, respectively, TF = total amount of diet consumed, and CP = percentage of crude protein of 
the diet. 
regression analysis of weight gain data indicated the dietary 
histidine requirement to be at 9.4 g kg"' of dry diet (Fig. la). 
However, quadratic regression analyses of FCR and PER 
data indicated the optimum requirement at 8.6 and 
8.5 g kg"' of the dry diet respectively. Based on the above 
results, the optimum dietary histidine requirement of C. mri-
gala is recommended at 8.5 g kg"' histidine of the dry diet, 
corresponding to 21.25 g kg"' of dietary protein. Although 
substantial amount of crystalline amino acids were used in 
determining the histidine requirement of C. mrigala, these 
were very well utilized because of their coating with casein 
and gelatin as is evident from the faster growth of the fish at 
the above-recommended level. Murai et al. (1981) suggested 
that carp fingerling fed a gelatin diet, supplemented with 
essential amino acids coated with casein, and casein-gelatin 
control diet produced faster growth than fish fed all crys-
talline amino acids in the diet, and also suggested that amino 
acid coating by casein alters the relative absorption rate of 
certain amino acids in the gut. In comparison with all crys-
talline amino acid diet, casein-gelatin-coated diet indicated 
improved utilization of crystalline amino acid in L. rohita 
(Khan & Jafri 1993), and in the present study on C. mrigala, 
presumably through increased retention in the gut. The his-
tidine requirement varies from 13 to 25.0 g kg"' of dietary 
protein among species and with in the species (National 
Research Council: NRC 1993; De Silva & Anderson 1995; 
Wilson 2002). The histidine requirement of C. mrigala at 
21.25 g kg"' of dietary protein is very close to the require-
ment reported for common carp, Cyprinus carpio 21.0 (Nose 
1979), milkfish, Chanos chanos 21.0 (Borlongan & Coloso 
1993), and Japanese eel, Anguilla Japonica 21.0 g kg"' (NRC 
1993), lower than the requirement reported for other Indian 
major carps, catia 25.0 (Ravi & Devaraj 1991), rohu 
22.5 g kg"' (Murthy & Varghese 1995), and higher than the 
requirement reported for channel catfish, Ictalurus punctaius 
15.0 (Wilson et al. 1980), chinook salmon and coho salmon. 
O. kisutch 18.0 (Klein & Halver 1970), chum salmon, O. keta 
16.0 (Akiyama et al. 1985), rainbow trout, O. mykiss 16.0 
(Ogino 1980), European sea bass 16.0, gilthead sea bream 
17.0, turbot 15.0 (Kaushik 1998), Japanese flounder 13.0, red 
sea bream 14.0 (Forster & Ogata 1998) and Atlantic salmon 
18.0 g kg"' (Rollin 1999). 
The above variations observed in the histidine requirement 
among different fish species including the fish under study may 
be because of the differences in the methodologies used such as 
nature of the test diet using different dietary protein sources 
like casein, gelatin, zein, glutin, fish meal, soybean meal, 
crystalline amino acids in various combinations; culture con-
ditions adopted in different laboratories including feeding re-
gime, feed allowance, flow rate, fish size and stocking density 
(Tacon & Cowey 1985; Kim et al. 1992; Luzzana et al. 1998). 
Baker (1984) reported that feeding regime is one of the 
important factors that bring the variation in requirement 
study. Digestibility, amino acid profile and energy content may 
also bring about variable effects in amino acid requirement 
studies (Simmons et al. 1999; De Silva et at. 2000). Variation 
may also be attributed to true differences between phyloge-
netically distinct families or species (Akiyama et al. 1997). 
Changes in water temperature have been reported to alter the 
requirement (Wilson 2002). Statistical methods like broken-
hne, quadratic regression, least square and enzyme kinetic 
analysis, etc. also produce differences in requirement study. 
Baker (1986) reported that the model used to analyse the dose-
response relationship also influenced the estimate of require-
ments, with the broken-line model generally gives lower esti-
mates of requirements than nonlinear. For this reason, a 
nonlinear model, which more accurately describes the complex 
physiological response of living organisms and allows for 
prudent decision pertaining to cost of nutrients (Pack et al. 
1995) was chosen to analyse the data in this study. 
Except for poor growth and low feed efficiency, no 
pathological symptoms such as cataract (Breck et al. 2003), 
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increased mortality and incidence of lordosis (Mazid et al. 
1978) related to histidine deficient diets were observed in the 
present study. Based on the quadratic regression analysis of 
FCR and PER data, an inclusion of 8.5 g kg"' dietary his-
tidine, corresponding to 21.25 g kg"' of dietary protein, is 
recommended for optimum growth of fingerling C. mrigala. 
The data generated in the present study on the quantitative 
dietary histidine requirement of C. mrigala would be useful in 
developing histidine-balanced practical diets for the intensive 
culture of this species. 
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